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PROBLEM TO BE SOLVED: To provide a method for dry-etching a 
compound semiconductor to form a vertical, smooth etched surface thereof. 



SOLUTION: In the etching method, a dry etching apparatus having a plasma 
generation source for generating plasma having a density of about 1010cm-3 
or more is used to subject a family III— V compound semiconductor or a 
family II— VI compound semiconductor to a dry etching process with use of a 
mixture of a gas containing halogen elements and a nitrogen gas. At this 
time, it is set to approximately satisfy a relationship of (flow rate of a gas 
containing halogen elements)/(flow rate of nitrogen gas) > 1, and a pressure 
in the etching reaction is set at about 1 mTorr or more. 
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*NQTICESw* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the etching approach that it is the etching approach which carries out dry etching of a group III-V 
semiconducter or the II- VI group compound semiconductor using the mixed gas of the gas and the nitrogen gas 
containing a halogen with the dry etching system equipped with the source of the plasma which generates the plasma of 
three or more [ about 1010cm - ] consistencies, and is (the flow rate of the gas containing a halogen) / (flow rate of 
nitrogen gas) about >=1, and the pressure under etching reaction is about 1 mTorr or 1 or more mTorrs. 
[Claim 2] The etching approach according to claim 1 which accelerates the ion generated in said source of the plasma, 
and is etched with the kinetic energy of this accelerated ion while heating a sample front face. 

[Claim 3] The etching approach according to claim 1 which accelerates the ion generated in said source of the plasma, 
heats only near the front face of the sample containing an II-VI group compound, and cools the susceptor of this sample 
with the kinetic energy of this accelerated ion. 

[Claim 4] The etching approach according to claim 1 etched while heating sample susceptor. 

[Claim 5] the 1st dry etching process which accelerates with the 1st acceleration voltage and etches the ion generated in 
said source of the plasma — this — the 2nd dry etching process which carries out after the 1st dry etching process, 
accelerates the ion generated in this source of the plasma with the 2nd acceleration voltage, and is etched — further ~ 
including - **** - the etching approach according to claim 1 that this 1st acceleration voltage is larger than this 2nd 
acceleration voltage. 

[Claim 6] The etching approach according to claim 1 which includes the 1st etching process which performs dry etching 
according to claim 1, and the 2nd etching process which performs wet etching. 

[Claim 7] Said dry etching system is the etching approach according to claim 1 of having the source of a radical beam, 
and the source of an ion beam, and performing dry etching while controlling independently the consistency of the radical 
generated by this source of a radical beam, and the consistency of the ion generated by this source of an ion beam, 
respectively. 

[Claim 8] Said compound semiconductor is the etching approach according to claim 1 currently formed of AlxGaylnl-x- 

yP (0< x<=l,0<=y<=l). 

[Claim 9] Said compound semiconductor is the etching approach according to claim 8 currently formed on the off 
substrate. 

[Claim 10] The etching approach which is the etching approach which carries out dry etching of a group III-V 
semiconducter or the II-VI group compound semiconductor using the mixed gas of the gas and the nitrogen gas 
containing a halogen with the dry etching system equipped with the source of the plasma which generates the plasma of 
three or more [ about 1010cm - ] consistencies, and includes the 1st dry etching process which makes halogen ion density 
larger than a halogen radical consistency, and etches it, and the 2nd dry etching process which makes halogen ion density 
smaller than a halogen radical consistency, and is etched. 

[Claim 11] The etching system equipped with the reaction chamber linked to the source of a radical beam, the source of 
an ion beam, and this source of a radical beam and this source of an ion beam, the sample susceptor prepared in this 
reaction chamber, and a load lock chamber. 

[Claim 12] The process which grows at least one compound semiconductor layer epitaxially on a semi-conductor 
substrate, The process which forms the mask by which patterning was carried out on one compound semiconductor layer 
even if there is none of these **, The process which etches to one compound semiconductor layer using the etching 
approach according to claim 1 to 10 even if this ** cannot be found, and forms a ridge stripe using this mask, The 
manufacture approach of the semiconductor laser component which includes the process which embeds this ridge stripe 
with a compound semiconductor. 

[Claim 13] It is the manufacture approach of a semiconductor laser component given in the claim 12 in which said 
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substrate is an inclination substrate, said at least one compound semiconductor layer contains in the barrier layer, and the 
n mold AlGalnP cladding layer and p mold AlGalnP cladding layer which sandwich this barrier layer, and said ridge 
stripe contains this p mold AlGalnP layer. 

[Claim 14] Said p mold AlGalnP cladding layer is the manufacture approach of a semiconductor laser component 
according to claim 13 that have the 1st cladding layer of p mold AlGalnP, and the 2nd cladding layer of p mold AlGalnP, 
and the etching stopper layer is formed between this 1st cladding layer and this 2nd cladding layer. 
[Claim 15] The manufacture approach of a semiconductor laser component according to claim 14 that the layer for 
carrying out the monitor of the amount into which this 2nd cladding layer was etched is formed in said 2nd cladding layer 
of p mold AlGalnP. 

[Claim 16] The include angle which it is prepared on the substrate and this substrate, and it is the semiconductor laser 
component equipped with the ridge stripe containing a barrier layer, and n mold cladding layer which sandwiches this 
barrier layer and p mold cladding layer, and this ridge stripe has the laser section which carries out laser oscillation, and a 
taper-like point, and is made with the base of this ridge stripe and the side face of this ridge stripe is an about 60-degree 
or more semiconductor laser component which is 90 degrees or less. 

[Claim 17] It is the semiconductor laser component by which is been the semiconductor laser component equipped with 
the inclination substrate, and the n mold AlGalnP cladding layer formed on this substrate, a barrier layer and a p mold 
AlGalnP cladding layer, and this p mold AlGalnP cladding layer has ridge structure with an almost symmetrical 
configuration, and the current block layer is formed in the both sides of this ridge structure. 

[Claim 18] Said p mold AlGalnP cladding layer is a semiconductor laser component according to claim 17 which has the 
1st cladding layer of p mold AlGalnP, and the 2nd cladding layer of p mold AlGalnP and by which the etching stopper 
layer is formed between this 1st cladding layer and this 2nd cladding layer. 

[Claim 19] The semiconductor laser component according to claim 18 by which the layer for carrying out the monitor of 
the amount into which this 2nd cladding layer was etched is formed in said 2nd cladding layer of p mold AlGalnP. 
[Claim 20] This width of face that has the width of face to which said point becomes narrower to the shape of a taper than 
the width of face of said laser section is a semiconductor laser component according to claim 16 which is about 1 
micrometer or less. 

[Claim 21] Said point is a semiconductor laser component according to claim 16 which has the width of face which 
becomes larger to the shape of a taper than the width of face of said laser section. 



[Translation done.] 
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* NOTICES** 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dry etching approach of a compound semiconductor especially an 
III-V group, or an II-VI group compound semiconductor, and the semiconductor laser component produced using it. 
[0002] 

[Description of the Prior Art] There is an approach indicated by JP,7-66175,A as a dry etching technique of the 
conventional compound semiconductor. By this approach, dry etching is performed to In system compound 
semiconductor using compound magnetic field mold ECR-RIBE (electron cyclotron resonance-reactivity ion beam 
etching) equipment. With compound magnetic field mold ECR-RIBE equipment, it has the coil of two functions, a main 
coil and a subcoil, and emission of the magnetic field near [ to etch ] a sample is suppressed. According to this approach, 
chlorine and nitrogen are used as etching gas. A perpendicular cross section and a smooth etching side are acquired [ the 
flow rate of chlorine gas / nitrogen gas ] for internal pressure to an etching mask on condition that 0.5mTorr(s) or less to 
one. 

[0003] According to the above-mentioned official report, in chlorine gas / nitrogen gas, when supplying gas at one or less 
rate, generating of a chlorine radical is controlled and etching by the chlorine ion serves as dominance from a chlorine 
radical. For this reason, even if it uses the ion which has about teneV low energy, the balance of evaporation of the 
chloride of In and the chloride of P can be maintained. Consequently, etching from which a perpendicular cross section 
and a smooth etching side are acquired to an etching mask is realizable. 
[0004] 

[Problem(s) to be Solved by the Invention] Conventionally, in the dry etching of a compound semiconductor, problems, 
such as difficulty, had the dry area of the etching side resulting from the difference of the vapor pressure of the reactant of 
an III group element and etching gas and vapor pressure with the reactant of V group element and etching gas being 
large, and control of a cross-section configuration. 

[0005] The dry etching technique indicated by above-mentioned JP,7-66175,A is also for solving this problem. With this 
technique, by addition of nitrogen gas, chlorine gas decomposes and the amount of generation of a chlorine radical is 
controlled by about 1/3 among the chlorine ion generated and the chlorine radical. The above-mentioned problem is 
solved by this. Moreover, with the above-mentioned technique, in order to make the amount of generation of a chlorine 
radical into min, the pressure in a reaction chamber is set to 0.5 or less mTorrs. Consequently, the desorption rate of the 
chloride of In and the chloride of P is balanced. The description of the above-mentioned technique is etching on the 
conditions from which chlorine radical concentration's becomes min. The above-mentioned official report does not show 
the quantitive data about the amount of generation and etching property of a chlorine ion. 

[0006] Moreover, when aluminum is contained in the sample to etch, there is a problem to which it is no longer etched 
into or an etching rate falls greatly by aluminum 203 being formed of the residual moisture in a reaction chamber. 
[0007] The place which this invention is made in view of the above-mentioned situation, and is made into the purpose As 
opposed to an III-V group and an II-VI group compound semiconductor, and the group III-V semiconducter that contains 
aluminum further Without reducing the amount of chlorine gas radical formation using the chlorine gas which added 
nitrogen gas It is in offering the semiconductor laser component which offered the dry etching approach by which a 
perpendicular cross section and a smooth etching side are acquired, and was produced using this dry etching approach, 
and its manufacture approach. 
[0008] 

[Means for Solving the Problem] The etching approach by this invention with the dry etching system equipped with the 
source of the plasma which generates the plasma of three or more [ about 1010cm - ] consistencies It is the etching 
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approach which carries out dry etching of a group III-V semiconducter or the II-VI group compound semiconductor using 
the mixed gas of the gas and the nitrogen gas containing a halogen. It is (the flow rate of the gas containing a halogen) / 
(flow rate of nitrogen gas) about >=1, and the pressure under etching reaction is about 1 mTorr or 1 or more mTorrs, and 
the above-mentioned purpose is attained by that. 

[0009] With a certain operation gestalt, the 1st etching process which performs the above-mentioned dry etching, and the 
2nd etching process which performs wet etching are included. 

[0010] With a certain operation gestalt, the ion generated in said source of the plasma is accelerated, and it etches with 
the kinetic energy of this accelerated ion, heating a sample front face. 

[001 1] With a certain operation gestalt, the ion generated in said source of the plasma is accelerated, with the kinetic 
energy of this accelerated ion, it heats only near the front face of the sample containing an II-VI group compound, and the 
susceptor of this sample is cooled. 

[0012] It etches with a certain operation gestalt, heating sample susceptor. 

[0013] the 1st dry etching process which accelerates with the 1st acceleration voltage and etches the ion generated in said 
source of the plasma with a certain operation gestalt — this - it carries out after the 1st dry etching process, and the ion 
generated in this source of the plasma is accelerated with the 2nd acceleration voltage, the 2nd dry etching process to etch 
is included further, and this 1st acceleration voltage is larger than this 2nd acceleration voltage. 
[0014] With a certain operation gestalt, said dry etching system is equipped with the source of a radical beam, and the 
source of an ion beam, and it performs dry etching, controlling independently the consistency of the radical generated by 
this source of a radical beam, and the consistency of the ion generated by this source of an ion beam, respectively. 
[0015] With a certain operation gestalt, said compound semiconductor is formed of AlxGaylnl-x-yP (0< x<=l, 
0<=y<=l). 

[0016] With a certain operation gestalt, said compound semiconductor is formed on the off substrate. 
[0017] Other etching approaches by this invention with the dry etching system equipped with the source of the plasma 
which generates the plasma of three or more [ about 1010cm - ] consistencies It is the etching approach which carries out 
dry etching of a group III-V semiconducter or the II-VI group compound semiconductor using the mixed gas of the gas 
and the nitrogen gas containing a halogen. The 1st dry etching process which makes halogen ion density larger than a 
halogen radical consistency, and etches it, Halogen ion density is made smaller than a halogen radical consistency, the 
2nd dry etching process to etch is included and the above-mentioned purpose is attained by that. 

[0018] The etching system by this invention is equipped with the reaction chamber linked to the source of a radical beam, 
the source of an ion beam, and this source of a radical beam and this source of an ion beam, the sample susceptor 
prepared in this reaction chamber, and a load lock chamber, and the above-mentioned purpose is attained by that. 
[0019] The manufacture approach of the semiconductor laser component by this invention The process which grows at 
least one compound semiconductor layer epitaxially on a semi-conductor substrate, The process which forms the mask by 
which patterning was carried out on one compound semiconductor layer even if there is none of these **, The process 
which etches to one compound semiconductor layer using the etching approach according to claim 1 to 10 even if this ** 
cannot be found, and forms a ridge stripe using this mask, The process which embeds this ridge stripe with a compound 
semiconductor is included, and the above-mentioned purpose is attained by that. 

[0020] With a certain operation gestalt, said substrate is an inclination substrate, said at least one compound 
semiconductor layer contains the barrier layer, and the n mold AlGalnP cladding layer and p mold AlGalnP cladding 
layer which sandwich this barrier layer, and said ridge stripe contains this p mold AlGalnP layer. 
[0021] With a certain operation gestalt, said p mold AlGalnP cladding layer has the 1st cladding layer of p mold 
AlGalnP, and the 2nd cladding layer of p mold AlGalnP, and the etching stopper layer is formed between this 1st 
cladding layer and this 2nd cladding layer. 

[0022] With a certain operation gestalt, the layer for carrying out the monitor of the amount into which this 2nd cladding 
layer was etched is formed in said 2nd cladding layer of p mold AlGalnP. 

[0023] The semiconductor laser component by this invention is prepared on the substrate and this substrate. A barrier 
layer, It is the semiconductor laser component equipped with the ridge stripe containing n mold cladding layer which 
sandwiches this barrier layer, and p mold cladding layer. This ridge stripe It has the laser section which carries out laser 
oscillation, and a point, the base of this ridge stripe, the side face of this ridge stripe, and the include angle to make are 
about 60 degrees or more 90 degrees or less, and the above-mentioned purpose is attained by that. 
[0024] With a certain operation gestalt, said point has the width of face which becomes thin in the shape of a taper from 
the width of face of said laser section, and this width of face is about 1 micrometer or less. 

[0025] With a certain operation gestalt, said point has the width of face which becomes larger to the shape of a taper than 
the width of face of said laser section. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/16/2005 



Page 3 of 11 



[0026] Othep semiconductor laser components by this invention are semiconductor laser components equipped with the 
inclination substrate, and the n mold AlGalnP cladding layer formed on this substrate, a barrier layer and a p mold 
AlGalnP cladding layer, this p mold AlGalnP cladding layer has ridge structure with an almost symmetrical 
configuration, the current block layer is formed in the both sides of this ridge structure, and the above-mentioned purpose 
is attained by that. 

[0027] With a certain operation gestalt, said p mold AlGalnP cladding layer has the 1st cladding layer of p mold 
AlGalnP, and the 2nd cladding layer of p mold AlGalnP, and the etching stopper layer is formed between this 1st 
cladding layer and this 2nd cladding layer. 

[0028] With a certain operation gestalt, the layer for carrying out the monitor of the amount into which this 2nd cladding 

layer was etched is formed in said 2nd cladding layer of p mold AlGalnP. 

[0029] 

[Embodiment of the Invention] Below, the operation gestalt of this invention is explained at a detail. 
[0030] (1st operation gestalt) As 1st operation gestalt of the dry etching approach by this invention, the dry etching 
approach for a group III-V semiconducter is explained. InP is used as a sample to etch. Chlorine gas and nitrogen gas are 
used as etching gas. Drawing 1 shows the configuration of the ECR-RIBE equipment (it is called ECR-RIBE equipment 
for short electron cyclotron resonance-reactivity ion beam etching and the following) used with this operation gestalt in 
** type. In this equipment, the location of the sample to etch is located on the outside of the coil which generates a 
magnetic field. 

[0031] As shown in drawing 1 , ECR-RIBE equipment is connected with ECR source 101 and the ECR source, and is 
mainly equipped with the reaction chamber 102 and exhaust air pump system (not shown) for installing a sample. Ion and 
a radical are generated in ECR source 101. From a gas inlet 108, the chlorine gas and the nitrogen gas by which the flow 
rate was controlled are introduced into ECR source 101. Furthermore, 2.45GHz microwave will face the quartz aperture 
107, and will be introduced into ECR source 101, and chlorine gas and nitrogen gas will be from a waveguide 106 in an 
excitation state. An electron sympathizes with the 875 gauss magnetic field generated with the coil 103, and it repeats gas 
and a collision, carrying out the circular motion. In this way, it is accelerated by the grid 104 and the chlorine ion and 
nitrogen ion which were generated in ECR source 101 are irradiated by the sample 105. 

[0032] Although it is accelerated and a chlorine ion and nitrogen ion are irradiated by the sample 105, since it is not 
ionized, the chlorine radical and nitrogen radical which are generated in ECR source 101 are not accelerated. However, a 
chlorine radical and a nitrogen radical arrive at the front face of a sample 105 by diffusion, and contribute to etching. As 
for this ECR-RIBE equipment, unlike the compound magnetic field mold, the coil is not installed in the side face of a 
reaction chamber 102. For this reason, the magnetic field generated with a coil 103 is an emission magnetic field. 
[0033] The ion and radical which were produced as mentioned above arrive at sample 105 front face, react with InP 
which is a sample, and In chloride and P chloride generate them. The boiling point of PC13 has the boiling point of 76 
degrees C and PC15 as low as 162 degrees C, and evaporates P chloride easily. 

[0034] On the other hand, the boiling point of 560 degrees C and InC13 has the boiling point of 608 degrees C and InC12 
as high as 600 degrees C, and the boiling point of InCl cannot evaporate In chloride easily. For this reason, the layer of In 
chloride is formed in the front face of a sample 105. Since evaporation of In chloride is promoted, the acceleration 
voltage of ion serves as an important element, because the chlorine ion and nitrogen ion which were accelerated collide 
with the front face of a sample 105 from ECR source 101. Less than [ acceleration voltage 300V ], evaporation does not 
take place and In chloride is not etched. 

0035] Table 1 shows the conditions of etching of being used with this operation gestalt. 
0036] 

Table 1] 





$* 






?3flE 




3-20 
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3.5-35 
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200W(@£) 


300-900 
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05-2.5 
mTorr 
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[0037] In the conditions shown in Table 1, acceleration voltage is about 300v or more, and etching is the optimal. In 
addition, Si02 is used as a mask for etching. 

[0038] The main results of having performed dry etching to below using the conditions shown in Table 1 are explained. 
[0039] In the experiment, the chlorine flow rate was set as about 10 SCCM(s), about 2.5 mTorr(s) and sample 
temperature were set [ acceleration voltage ] as about 200 degrees C for the internal pressure under about 650V and 
reaction, the nitrogen flow rate was changed, and dry etching was performed. Evaporation of an III group compound can 
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be promoted'by heating sample susceptor and maintaining sample temperature at about 200 degrees C. 
[0040] As a nitrogen flow rate, drawing 2 shows each cross-section photograph of InP to which about 35 SCCM(s) and 
drawin g 3 performed about 7 SCCM(s) on condition that about 3.5 SCCM(s), and drawing 4 performed dry etching in a 
mimetic diagram. 

[0041] Drawing 2 (a) shows the cross section etched using Si02 mask to an InP substrate. Although InP is etched as 
shown in this drawing, the base (etching side) is very ruined. Drawing 2 (b) is the perspective view of drawing 2 (a). 
Drawing 2 (b) also shows well that the base is ruined. In the case of drawing 3 , etching is possible in the almost 
perpendicular direction to Si02 mask, and most base dry areas are lost. In the case of drawing 4 , there is no base dry area 
and the etching side is smooth. However, side etching into which the mask bottom is also etched takes place, and 
perpendicular etching has not been performed to the mask. 

[0042] The above-mentioned result shows that there is a boundary where the etching side of nitrogen flow rate [ a 
chlorine flow rate / ] is ruined between about 0.29 and 1.43. According to the experiment, it turned out that the ratios of 
the chlorine flow rate / nitrogen flow rate of the boundary are the about 1.0 neighborhoods. Moreover, it turns out that the 
smooth nature of an etching side has [ the about 2.85 neighborhoods ] the best ratio of a chlorine flow rate / nitrogen flow 
rate. 

[0043] However, if the cross-section configuration of drawing 4 is seen, it is not perpendicular and side etching is 
considerably contained. In order to obtain a perpendicular cross section, it is necessary to stop the chemical reaction 
component in dry etching. Then, it etched by lowering sample temperature to about 100 degrees C. The result is shown in 
drawing 5 (conditions other than temperature are the same as the case of drawing 4 ). [0044] By lowering sample 
temperature to 100 degrees C, a spatter component will become strong from chemical reactivity, and Si02 mask will 
retreat by being etched (it moves to a substrate side). For this reason, over etching happens and it becomes a trapezoid 
cross-section configuration. However, since the etching side is very smooth, it is satisfactory practically also in a 
trapezoid cross section. 

[0045] As shown in drawing 4 and 5, when the chemical reaction component in etching is more superior than a spatter 
component, side etch happens, when a spatter component is more superior than chemical reactivity, a mask retreats and 
over-etching happens. 

[0046] Next, examination of the etching conditions for obtaining a perpendicular cross section is explained. 
[0047] In order to make chemical reactivity increase, sample temperature was made into about 150 degrees C, in order to 
raise an etching rate, the amount of supply of chlorine was increased up to about 1 1 .5 SCCM(s) (a nitrogen flow rate is 
3.5SCCM(s) as well as the case of drawing 4 ), and it etched. The result is shown in drawing 6 . A spatter component and 
a chemical reaction component can be balanced and a perpendicular etching cross section is realized so that drawing 6 
may show. In this case, acceleration voltage is about 650V and internal pressure is still about 2.5 mTorr(s). 
0048] Each etching condition in drawing 2 -6 is collectively shown in Table 2. 
;0049] 
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[0050] It will not be ruined if the ratio of a chlorine flow rate / nitrogen flow rate is about 1,0 or more. However, if this 
flow rate is made large to 6.4 or more, it will begin to be ruined for a while again. In consideration of the dry area of an 
etching side, the range of the optimum value of the flow rate of a chlorine flow rate / nitrogen flow rate is about 1.0 to 
6.4. 

[005 1] drawing 16 - the spectrum of plasma luminescence a result is shown. An optical result expresses a change of 
the nitrogen ion and chlorine ion to nitrogen concentration, and a chlorine radical on the strength at this rate. Each 
luminescence reinforcement shown in drawing 1 6 is standardized by the plasma luminescence reinforcement of only 
chlorine gas. As for nitrogen ion, 652. 9nm was observed, and, as for the chlorine ion, luminescence by 727.9nm was 
observed, as for 450.8nm and a chlorine radical. Luminescence by 652.9nm only in the case of chlorine gas is a noise, 
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and is not luminescence by nitrogen ion. 

[0052] The luminescence reinforcement of nitrogen ion increases simply in proportion to the addition of nitrogen. 
Although the luminescence reinforcement by the chlorine ion increases by addition of nitrogen, the addition 
concentration of nitrogen shows maximum at about 23%. This maximum is about 1.4 times in nitrogen additive- free. 
Then, according to the increment in nitrogen addition concentration, slight luminescence reinforcement by the chlorine 
ion decreases, and is saturated with one about 1.3 times [ in nitrogen additive-free ] the value of this, although it increases 
about 10% by addition of nitrogen, it comes out to this extent and the luminescence reinforcement by the chlorine radical 
is saturated, and even if it adds nitrogen further, it does not increase. 

[0053] Below, change of the above-mentioned luminescence reinforcement is explained as compared with an etching 
property. 

[0054] When a chlorine flow rate / nitrogen flow rate is less than one, the nitrogen concentration in drawing 16 is a field 
(field **) exceeding 50%. In field **, although chlorine ion reinforcement is about 1 .3 or more times to the case of pure 
chlorine (nitrogen additive-free), nitrogen ionic strength has increased about 3 times. That is, it is thought with 
superfluous nitrogen ion by carrying out the spatter of the P chloride with vapor pressure high among In chloride and P 
chloride alternatively that it is ruined. 

[0055] When a chlorine flow rate / nitrogen flow rate is 6.4 or less [ about 1 or more ], the nitrogen concentration of 
drawing 16 is equivalent to about 50% or less of field (field **) about 13% or more. In this field, the reinforcement of 
nitrogen ion does not increase so much, but balance of the desorption from the front face of In chloride and P chloride can 
be taken, and the smooth etching side is realized. 

[0056] When a chlorine flow rate / nitrogen flow rate exceeds 6.4, the nitrogen concentration of drawing 16 is equivalent 
to about 13% or less of field (field **). In field **, it is ruined again. Since the desorption of In chloride which this 
generated, and P chloride mainly happens with heat energy from the spatter effectiveness, it is thought that it is because 
the alternative desorption of P chloride happens. 

[0057] As stated above, the effectiveness which adds nitrogen gas not only promotes generation of a chlorine ion, but in 
this invention, the big description has it in the place which promotes the desorption of the chloride of an III group or V 
group according to the spatter effectiveness by the nitrogen ion itself. This is also the same as when this invention is 
applied to an II-VI group compound semiconductor. 

[0058] In the above explanation, as an ingredient to etch, although a group's III-V semiconducter InP was used, the 
ingredient of an AlGalnP system, an AlGalnN system, and the ZnMgSSe system of an II-VI group compound 
semiconductor may be used instead of InP so that it may explain later. Moreover, although an etching rate falls, etching is 
possible even if it holds substrate temperature to a room temperature. 

[0059] (2nd operation gestalt) Below, the dry etching approach for a group III-V semiconducter is explained as 2nd 
operation gestalt of the dry etching approach by this invention. More specifically, the dry etching approach to etch is 
explained with the kinetic energy of the accelerated ion, heating only a sample front face, without raising the temperature 
of the whole sample. 

[0060] InP is used as an etching sample and Si02 is used as an etching mask. In addition, the approach of this operation 
gestalt is applicable to etching of an II-VI group compound semiconductor. 

[0061] As the operation gestalt of the above 1st described, when raising sample temperature, the chemical reaction 
component in dry etching becomes dominance from a spatter component, and side etching into which the mask bottom is 
also etched takes place. However, if sample temperature is lowered, since a spatter component will become strong, over- 
etching to which a mask retreats is caused, or an etching base is ruined. 

[0062] So, with this operation gestalt, it is made to stick to the sample maintenance fixture which produced the sample 
with aluminum, and it etches, cooling this maintenance fixture. 

[0063] By the grid, it is accelerated by hundreds V and the ion generated in an ECR source is irradiated by the sample 
with kinetic energy. The radical generated in an ECR source is not accelerated. Since the energy per radical has many 
radicals generated with 20-30eV although it is small, the total energy received from a radical has a quite large sample 
front face. Thus, in order that a sample front face may obtain many ion and the energy of a radical, even if it does not go 
up the temperature of a sample substrate, the same effectiveness as the case where the sample itself is raised to hundreds 
of degrees C is acquired. That is, by heating the front face of a sample in this way, evaporation of the chloride of an III 
group or II group is promoted, and an etching rate is improved. 

[0064] ECR-RIBE equipment is used, about 200W and internal pressure are set to about 2.5 mTorr(s), it sets [ a chlorine 
flow rate / about 1 1.5 SCCM(s) and a nitrogen flow rate ] acceleration voltage to about 650 V for about 3.5 SCCM(s) and 
microwave power, and drawing 8 shows the cross section of InP at the time of performing dry etching to InP. 
[0065] In this case, it is not heating to the whole sample. The sample maintenance fixture produced with aluminum is 
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equipped with the sample. A sample maintenance fixture is put on the sample susceptor by which water cooling was 
carried out. Only the part near the front face of a sample is heated by this, and the temperature of the part except this part 
does not rise by it. A sample is protected from a thermal damage. Especially the thing done like this is effective in etching 
the sample containing an II-VI group compound. Because, since the crystal growth temperature (about 260 degrees C) of 
an II-VI group compound semiconductor is low, in order to prevent crystalline degradation, it is necessary to make 
etching temperature lower (about 250 degrees C or less) than crystal growth temperature. 

[0066] As the operation gestalt of the above 1st described, the configuration of an etching cross section reflects the 
balance of the spatter component to etch and a chemical reaction component. That is, when a spatter component is 
dominance, over-etching of the cross section is carried out, and when a chemical reaction component is dominance, side 
etching takes place. 

[0067] Although the temperature of the whole sample is near a room temperature according to this operation gestalt as 
drawing 8 shows, the cross section is almost perpendicular and has balanced the chemical reaction component and the 
spatter component. The cross section of drawin g 8 shows the same cross-section configuration as the case of drawing 6 , 
when it etches by setting sample temperature as 150 degrees C. That is, the result shown in drawing 8 which etched 
without heating is the same as the result shown in drawing 6 which etched by setting sample temperature as 150 degrees 
C about the cross-section configuration. However, the etching rate in the case of drawing 8 is lower than it in the case of 
drawing 6 25%. 

[0068] In addition, with this operation gestalt, although sample temperature is set up near the room temperature, it can 
also make the difference [ chloride / of an III group ] of sublimation small by cooling sample susceptor at 0 degree C or 
less, and controlling sublimation of V group's chloride. This can perform dry etching from which a perpendicular cross 
section and a smooth etching side are acquired. 

[0069] (3rd operation gestalt) As 3rd operation gestalt of the dry etching approach by this invention, the dry etching 
approach for a group III-V semiconducter is explained. The dry etching approach of more specifically performing two 
steps of etching of different conditions is explained. As a sample, Si02 is used as InP and an etching mask, and chlorine 
and nitrogen are used as etching gas. 

[0070] The 1st dry etching is first performed using ECR-RIBE equipment. In this 1st dry etching, by setting internal 
pressure to about 1 or less mTorr, and setting acceleration voltage to about 300v or more, the collision between gas 
molecules is suppressed and ion density is made larger than a radical consistency. About 1 or more and sample 
temperature are set as about 1 00 degrees C for a chlorine flow rate / nitrogen flow rate. In this case, etching by the spatter 
component becomes dominance from a chemical reaction component, the high-speed dry etching in a perpendicular 
direction progresses to a sample front face, and the configuration near a desired configuration is formed. 
[0071] The 1st dry etching of the above has the above and a comparatively high etching rate by about 1000A/. When 
etching at high speed, in the etched side face or etching side, the damage by which induction is carried out to processing 
arises, or it is ruined. This is because a crystal defect arises in a sample, when it is accelerated on the high electrical 
potential difference beyond 300V and the halogen ion generated in an ECR source is irradiated by the sample. Moreover, 
since the boiling points of a halogenide differ to an III group (or II group) and V groups (or VI group), when the 
stoichiometry in an etching side shifts, it is because the III group (or II group) elements in an etching side increase in 
number more than V group (or VI group) element in an excess. 

[0072] Next, it continues at the 1st dry etching and the 2nd dry etching is performed. It is removing the layer which has 
the processing induction damage produced by the 1st dry etching as a purpose which performs this 2nd dry etching. 
Moreover, it is removing the devastated field and making it smooth by the 1st dry etching, when a dry area's arises in an 
etching side. In order to attain the above-mentioned purpose, about 3 or more and internal pressure are set as about 2 or 
more mTorrs, it sets about 300v or less and sample temperature as about 200 degrees C for acceleration voltage, and the 
2nd dry etching performs a chlorine flow rate / nitrogen flow rate. In this case, the collision between gas molecules 
increases and the radical consistency becomes large from ion density. Furthermore, since a mean free path becomes 
small, the chemical reaction component acts strongly from a spatter component. 

[0073] Since the processing induction damage done to a crystal is small, etching under the strong conditions of the above 
chemical reactivity can remove a layer including many processing induction damages produced in the 1st dry etching. 
When ruined in the 1st dry etching, the devastated field can be made smoother by the 2nd dry etching of the above. 
[0074] The 1st dry etching is a chlorine flow rate. Although it can carry out on condition that /nitrogen flow rate 
abbreviation >=1, internal pressure abbreviation <=lmTorr, and acceleration voltage abbreviation >=300V, a chlorine 
flow rate / nitrogen flow rate abbreviation >=3, internal pressure abbreviation <=0.5mTorr, and acceleration voltage 
abbreviation >=600V are more more desirable as optimum conditions. 

[0075] Although the 2nd dry etching can be performed on condition that a chlorine flow rate / nitrogen flow rate 
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abbreviation* >=3, internal pressure abbreviation >=2mTorr, and acceleration voltage abbreviation <=300V, a chlorine 
flow rate / nitrogen flow rate abbreviation >=10, internal pressure abbreviation >=3mTorr, and acceleration voltage 
abbreviation <=100V are more more desirable as optimum conditions. 

[0076] Drawing 12 is the sectional view showing the process of the dry etching by this operation gestalt. First, as shown 
in drawing 12 (a), Si02 mask 1202 by which patterning was carried out is formed on the InP substrate 1201. Then, as 
shown in drawing 12 (b), the 1st dry etching is performed. According to this process, the damage layer 1203 by which 
induction is carried out to processing arises on an etching front face. Next, as shown in drawing 12 (c), the 2nd dry 
etching is performed. In the 2nd dry etching, a chlorine ion consistency is small and a chlorine radical consistency is 
larger than the case of the 1st dry etching. By performing the 2nd dry etching, the damage layer 1203 by which induction 
is carried out to processing is removed, and a perpendicular side face and a smooth etching side can be formed to a mask 
1202. 

[0077] In addition, in the above explanation, the size relation of the chlorine ion consistency and chlorine radical 
consistency in the 1st and 2nd dry etching was changed by changing internal pressure, flow rate, and acceleration voltage. 
Instead, the 1st and the 2nd dry etching may be performed by changing only acceleration voltage. That is, the 1st and 2nd 
dry etching is a chlorine flow rate. Using conditions with /nitrogen flow rate abbreviation >=3, an internal pressure 
abbreviation >=2mTorr, and a sample temperature of about 200 degrees C, in the 1st dry etching, acceleration voltage is 
set as about 900V, and acceleration voltage is set as about 100 V by the 2nd dry etching. On such conditions, even if it 
performs dry etching, etching without a dry area is realizable. 

[0078] (4th operation gestalt) Below, the etching approach for a group III-V semiconducter is explained as 4th operation 
gestalt of the etching approach by this invention. More specifically, the etching approach of performing two steps of 
etching, dry etching and wet etching, is explained. As a sample, Si02 is used as InP and an etching mask, and chlorine 
and nitrogen are used as etching gas. As an etching solution of wet etching, a hydrochloric acid, an acetic acid, and 
hydrogen peroxide solution are used. 

[0079] First, 1st etching (dry etching) is performed using ECR-RIBE equipment. In this 1st etching, abbreviation >=1 and 
internal pressure are made to about 2 or more mTorrs, and about 300v or more and sample temperature are made [ a 
chlorine flow rate / nitrogen flow rate ] into about 100 degrees C or more for acceleration voltage. Although the 1st 
etching is possible on the above-mentioned conditions, for about 3.5 SCCM(s) and sample temperature, about 150 
degrees C and acceleration voltage are [ a chlorine flow rate / about 1 1.5 SCCM(s) and a nitrogen flow rate / about 650V 
and internal pressure of optimum conditions ] about 2.5 mTorr(s). On such conditions, a sample is processible into a 
predetermined configuration. A layer including the processing induction damage generated by the 1st etching is removed 
by the 2nd etching explained below. 

[0080] Drawing 7 shows typically the configuration of the spin etching system used for the 2nd etching. 2nd etching, i.e., 
wet etching, is performed in a reaction chamber 705. The sample 701 by which dry etching was carried out [ above- 
mentioned ] is installed on the sample maintenance base 702. The sample maintenance base 702 holds a sample 701 by 
the vacuum chuck, and rotates with a predetermined rotational speed. The mixed liquor of the hydrochloric acid which is 
maintained by the etchant tank 704 and saved to predetermined temperature at it, an acetic acid, and hydrogen peroxide 
solution comes out of a nozzle 703, and flows and falls on a sample 701 . The core of a nozzle 703 and the sample 
maintenance base 702 is in agreement, and a nozzle 703 reciprocates the between to a predetermined distance to radial 
[ of the core of the sample maintenance base 702 to a sample maintenance base ]. While a nozzle 703 fails to flow liquid 
in the sample 701 to rotate, very uniform wet etching is performed by reciprocating radial. In this way, the damage layer 
by which induction is carried out to processing produced by the 1st etching is removed. The temperature of 3:36:1 and 
mixed liquor of the mixing ratio of a hydrochloric acid, an acetic acid, and hydrogen peroxide solution should just be 20 
degrees C. 

[008 1] Since wet etching does not contain a spatter component, some damages which are given by using dry etching can 
also be prevented by using wet etching. For this reason, the smooth nature of an etching side can be improved further. 
[0082] In this operation gestalt, as a solution used for the 2nd etching, although a hydrochloric acid, an acetic acid, and 
hydrogen peroxide solution were used, it may replace with this and the mixed liquor of the mixed liquor of the mixed 
liquor of a sulfuric acid, hydrogen peroxide solution, and water, a hydrochloric acid, and a phosphoric acid or saturation 
bromine water, and a methanol may be used. What is necessary is just the solution from which induction is carried out to 
processing produced by the 1st etching in short, and a damage layer can be removed. 

[0083] (5th operation gestalt) The dry etching system which equipped below with the source of a radical beam and the 
source of an ion beam other than an ECR source, and the dry etching approach using it are explained. 
[0084] Drawin g 9 shows typically the configuration of the dry etching system of this operation gestalt. This equipment is 
equipped with the source 902 of a radical beam and the source 903 of an ion beam other than ECR source 904 and a 
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reaction chamber 901. The source 902 of a radical beam and the source 903 of an ion beam are connected to the reaction 
chamber 901. 

[0085] All over the reaction chamber 901, it has the sample maintenance base 905 holding a sample 906. The chlorine ion 
generated by the chlorine radical generated in the source 902 of a radical beam, the chlorine ion generated in the source 
903 of an ion beam, and ECR source 904, a chlorine radical, and nitrogen ion are irradiated by the sample 906. A sample 
906 is sent to a reaction chamber 901 from the load lock chamber 900 for paying a sample 906 to a reaction chamber 901. 
A reaction chamber 901 is exhausted by about 10 to 6 or less Torrs by the exhaust air system (not shown). 
[0086] In the source 902 of a radical beam, RF RF will be added and chlorine gas will be in the plasma state. A chlorine 
ion and a chlorine radical occur by this. Since a mean free path is several centimeters, it collides with other atoms or an 
electron and a chlorine ion disappears in the source 902 of a radical, or a reaction chamber 901 when not accelerated, it 
does not reach to a sample. The generated radical arrives even at a sample front face by diffusion, and contributes to a 
reaction. 

[0087] On the other hand, also in the source 903 of an ion beam, RF RF will be added and chlorine gas will be in the 
plasma state. A chlorine ion and a chlorine radical occur by this. By changing the electrical potential difference applied to 
the drawer electrode 903 1 , by changing the rate of the chlorine ion pulled out from the source 903 of an ion beam, and a 
chlorine radical, many chlorine ions are pulled out and irradiated on a sample front face from a chlorine radical. 
[0088] In ECR source 904, as the 1st operation gestalt described, gas is decomposed and ion and a radical are generated. 
Nitrogen gas is introduced into ECR source 904 in this operation gestalt. 

[0089] The consistency of the radical which contributes to the smooth nature of the gas which contributes to a reaction, 
and the consistency of the ion contributed to an etching rate are independently controllable, respectively by having the ion 
source, a source of a radical, and an ECR source as mentioned above. For this reason, high-speed etching is possible, with 
the smooth nature of an etching side maintained. It becomes easy to control the smooth nature of an etching rate, a cross- 
section configuration, and an etching side. As the 1st operation gestalt described in the case of the dry etching of InP by 
the mixed gas of chlorine and nitrogen, using Si02 as a mask, P chloride is sublimated easily, and since it is hard to 
sublimate In chloride, the layer of In chloride will be formed in a sample front face. What is necessary is just to use the 
kinetic energy of the accelerated chlorine ion and nitrogen ion, in order to make the layer of this In chloride sublimate. 
[0090] Then, what is necessary is to make [ more ] a chlorine ion flow rate than a chlorine radical flow rate, to accelerate 
by the high voltage of about 300v or more, and just to supply a chlorine ion and nitrogen ion. What is necessary is just to 
set sample temperature as about 150 degrees C or more, in order to make an etching rate high. 

[0091] According to this operation gestalt, the dry etching of InP in which about 300v or more and the nitrogen ion from 
an ECR source are [ about 10 or more SCCMs and acceleration voltage ] about 3 or less SCCMs for the chlorine ion flow 
rate from about 1 or more SCCMs and the source of an ion beam, and the chlorine radical flow rate from the source of a 
radical beam has a smooth etching side is possible. Furthermore, dry etching in which a chlorine radical flow rate has the 
cross section about 1 SCCM and a chlorine ion flow rate has [ the acceleration voltage of about 10 SCCM(s) and a 
chlorine ion / about 600v or more and the nitrogen flow rate of an ECR source ] about 3 SCCM(s) and sample 
temperature perpendicular in a cross section on the conditions which are about 150 degrees C, and a smooth etching side 
is realized. 

[0092] (6th operation gestalt) Below, the manufacture approach of a semiconductor laser component is explained using 
the etching approach explained with the operation gestalt of the above l-5ths. The diameter conversion laser of a spot is 
used as a semiconductor laser component. Drawing 10 (a) - (c) shows typically the cross section of the structure of the 
diameter conversion laser of a spot. 

[0093] This diameter conversion laser of a spot has the laser section 1010 and the spot-size transducer (point) 101 1, as 
shown in drawing 10 (a). The laser section 1010 has the stripe configuration which has fixed width of face and thickness. 
As for the spot-size transducer 1011, width of face is [ width of face ] small toward the outgoing radiation edge 1012 at 
the shape of a taper. A laser beam is changed into the path m of the outgoing radiation edge (tip of a point 1011) 1012 of 
the spot-size transducer 101 1 from the diameter of a spot in the laser section 1010, while guiding the spot-size transducer 
1011. Width of face m is [ the include angle of about 1 micrometer or less (typically about 0.6 micrometers) and a cross 
section of the outgoing radiation edge 1012 ] about 90 degrees. 

[0094] Drawing 10 (b) shows the cross section in alignment with line A- A 1 of drawing 10 (a). As shown in drawing 10 
(b), epitaxial growth of the n-InP layer 1002, the n-InGaAsP cladding layer 1003, a barrier layer 1004, the p-InGaAsP 
cladding layer 1005, and the p-InP cap layer 1007 is carried out one by one on the n-InP substrate 1001. these layers — 
the mesa stripe (ridge stripe) 1014 ~ constituting - the mesa stripe 1014 — half— it is embedded by insulating InP 1006. 
The p lateral electrode 1009 is formed on the p-InP cap layer 1007, and the n lateral electrode 1008 is formed all over the 
rear face of a substrate 1001. 
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[0095] The eiectron hole poured in from the p lateral electrode 1009 is recombined by the electron and barrier layer 1004 
which were poured in from the n lateral electrode 1008. Luminescence takes place under the p lateral electrode 1009, and 
carries out laser oscillation by being shut up in a resonator end face. 

[0096] Drawing 10 (c) shows the cross section in alignment with line B-B' of drawing 10 (a). The laser section 1010 
differs in the width of face of a barrier layer 1004 from the spot-size transducer 101 1 so that drawing 10 (b) and drawing 
1_0 (c) may be compared and understood. That is, the direction of the width of face of the barrier layer 1004 of the spot- 
size transducer 1011 is small. 

[0097] Below, the manufacture approach of the diameter conversion laser of a spot is shown, referring to drawing 1 1 (a) - 
(g). Drawing 1 1 (a) - (g) is the mimetic diagram of the cross section of the laser section 1010. The width of face of a 
barrier layer etc. only differs, and the spot-size transducer 101 1 is manufactured by the laser section 1010 and 
coincidence. 

[0098] First, as shown in drawing 1 1 (a), sequential growth of the n-InP layer 1 102, the n-InGaAsP cladding layer 1 103, 
a barrier layer 1 104, and the p-InGaAsP cladding layer 1 105 is carried out on the n-InP substrate 1 101 by metal-organic 
chemical vapor deposition (MOVPE law). Then, as shown in drawing 1 1 (b), Si02 mask 1 106 which has a predetermined 
configuration is formed on the p-InGaAsP cladding layer 1 105. 

[0099] Next, as shown in drawing 1 1 (c), the mesa stripe (ridge stripe) 1 109 is formed using ECR-RIBE equipment by 
the etching approach explained with the operation gestalt of the above l-5ths. Chlorine flow rate / nitrogen flow rate 
abbreviation >=1, and microwave power about 200W, the internal pressure of about 2 or more mTorrs, the sample 
temperature of about 150 degrees C or more, and the acceleration voltage of the conditions of etching are about 300v or 
more. The side face of a mesa stripe and the front face of a substrate 1101 which are formed on this condition, and the 
include angle theta to make are about 60 degrees or more 90 degrees or less, as shown in drawing 1 1 (c) and (g). next, it 
is shown in drawing 1 1 (d) -- as - MOVPE -- law - Si02 mask 1106 - as the mask of selective growth - using - crystal 
growth - carrying out ~ the mesa stripe 1 109 - half— it embeds by insulating InPl 107. after removing Si02 mask 1 106, 
it is shown in drawin g 1 1 (e) - as - MOVPE - the p-InGaAsP cap layer 1 108 is grown up by law. Finally, as shown in 
drawing 1 1 (f), it heat-treats by vapor-depositing the p lateral electrode 1111 and the n lateral electrode 1110, and ohmic 
contact is formed. 

[0100] As explained above, according to this invention, a cavity and waveguide with the front face of the substrate 1101 
as shown in drawin g 1 1 (g), the side attachment wall of the mesa stripe whose include angle theta to make is about 60 
degrees - 90 degrees, and outgoing radiation opening of 1 micrometer or less of**** can be formed by etching with 
ECR-RIBE equipment using chlorine gas and nitrogen gas. According to the approach of this invention, it is avoidable 
that the reverse mesa (the above-mentioned include angle theta is 90 degrees or more) to which the dependability of a 
component is fallen is formed. 

[0101] In addition, in the above-mentioned explanation, although the width of face of a point 1011 is narrower to the 
shape of a taper than the width of face of the laser section 1010, it may become larger to the shape of a taper than the 
width of face of the laser section 1010. 

[0102] In the above operation gestalt, although ECR-RIBE equipment was used, it may replace with this and the dry 
etching system equipped with the source of the inductive-coupling mold plasma, the dry etching system equipped with 
the source of the Helicon mold plasma, or the dry etching system equipped with the source of the NLD mold plasma may 
be used. 

[0103] Moreover, although the above operation gestalt explained using InP as a compound semiconductor, other III-V 
groups or II-VI group compound semiconductors may be used. In addition, in the above explanation, although chlorine 
gas was used, the gas containing chlorine, a bromine, or iodine may be used. 

[0104] (7th operation gestalt) Below, the manufacture approach of other semiconductor laser components is explained 
using the etching approach explained with the operation gestalt of the above l-5ths, referring to drawing 13 (a) - (d). In 
this operation gestalt, the compound semiconductor etched contains aluminum (aluminum). 

[0105] first, it is shown in drawing 1 3 (a) -- as - MOVPE -- on the n mold GaAs substrate 1301 by law A n mold GaAs 

buffer layer (un-illustrating), n mold AlxGaylnl-x-yP (0< x<=l, 0<=y<=l, and the following) AlGalnP The cladding 

layer 1302 called for short, the multiplex quantum well barrier layer 1303 constituted by an AlGalnP barrier layer and the 

GalnP well layer, the 1st cladding layer 1304 of p mold AlGalnP, the GalnP etching stopper layer 1305 (thickness: about 

5nm), Epitaxial growth of the 2nd cladding layer 1306 of p mold AlGalnP is carried out. The GaAs substrate 1301 is an 

off substrate which inclines in the [1 10] directions about 10 degrees from the field (100). 

[0106] Next, in order to form a ridge, 4 micrometers of**** and Si02 mask 1307 with a thickness of about 0.5 

micrometers by which patterning was carried out are formed on the p mold AlGalnP layer 1306. 

[0107] Next, as shown in drawin g 13 (b), a ridge 1313 is formed by using Si02 mask 1307 as an etching mask using the 
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dry etching approach explained by the above l-5ths. As conditions for etching, a chlorine flow rate / nitrogen flow rate is 
set as about 3.1 by setting a chlorine flow rate to about 1 1 SCCM(s), and setting nitrogen to about 3.5 SCCM(s). In 
addition, acceleration voltage is [ about 2.5 mTorr(s) and the sample temperature of about 650V and internal pressure ] 
about 100 degrees C The ridge 1313 of symmetrical trapezoidal shape is obtained by performing dry etching on such 
conditions. 

[0108] Usually, by etching using an inclination substrate, as shown in drawing 14 (b), a ridge does not become the 
configuration of bilateral symmetry. Since the substrate inclines from a field (100), in the wet etching using the etching 
reagent of a sulfuric-acid system, the inclination of the side face in the pars basilaris ossis occipitalis of a ridge becomes 
loose, and a ridge serves as an unsymmetrical configuration. Consequently, impregnation of the carrier to a barrier layer 
and light close, eye ** becomes an ununiformity, and the transverse mode becomes unstable. This becomes remarkable 
when operating laser at an elevated temperature especially. 

[0109] Moreover, in the semiconductor laser of an AlGalnP system, in order to short-wavelength-ize wavelength of a 
laser beam, whenever [ tilt-angle ] is enlarged increasingly. The asymmetry of a ridge becomes larger as whenever [ tilt- 
angle ] becomes large. As shown in drawing 14 (a), in spite of using an OFF substrate by performing dry etching on the 
above-mentioned conditions according to this operation gestalt, the ridge 1412 with a symmetrical configuration can be 
formed. 

[0110] The dry etching for carrying out ridge formation is stopped in the etching stopper layer 1305, as shown in drawing 
1_3 (b). The thickness of the 2nd cladding layer 1306 of p mold AlGalnP etched by dry etching is about 1.5 micrometers. 
As the 2nd operation gestalt explained such a thick layer, about 1.3 micrometers is first etched by the 1st dry etching with 
a strong spatter component, and the about 0.2-micrometer p molds AlGalnP remaining by the 2nd dry etching with a 
strong chemical reaction component are etched after that. If it carries out like this, the damage by etching will not be 
exerted on the layer below the etching stopper layer 1305. 

[0111] Moreover, as the 3rd operation gestalt explained, the 2nd cladding layer 1306 with a thickness of about 1.3 
micrometers may be etched by dry etching with a strong spatter component, and the 2nd about 0.2-micrometer remaining 
cladding layers 1306 may be etched by wet etching as the 2nd etching. 

[0112] After forming a ridge 1313, as shown in drawing 13 (c), the n mold GaAs current block layer 1309 which is n 
mold embedding layer is grown up alternatively, using Si02 mask 1307 as it is. 

[01 13] Next, Si02 mask 1307 is removed, and as shown in drawing 13 (d), the p mold GaAs contact layer 1310 is grown 
up. Finally, the p lateral electrode 1312 is formed in the rear face of the n mold GaAs substrate 1301 on the n lateral 
electrode 1311 and the contact layer 1310, and laser structure is completed. 

[0114] In the manufacture approach of the semiconductor laser component of this operation gestalt, by setting the flow 
rate of halogen gas and nitrogen gas as formation of a ridge 1313 in an abbreviation 1.4 <= chlorine flow rate / nitrogen 
flow rate <= about 4.0 range Although the base of a ridge 1313, the side face of a ridge 1313, and the include angle theta 
to make use an OFF substrate while turning into about 60 - 90 degrees, they can manufacture a semiconductor laser 
component with a ridge configuration with sufficient symmetry. For this reason, the carrier to a barrier layer shuts up, 
light closes, and eye ** does not become an ununiformity, but a semiconductor laser component with high dependability 
with the stable transverse mode is obtained. Furthermore, according to this operation gestalt, an etching rate does not fall 
in spite of etching of the compound semiconductor containing aluminum. In addition, in the above explanation, in the 
process which carries out dry etching of the 2nd cladding layer of p mold AlGalnP, conditions are changed in the phase 
which etched about 1.3 micrometers of AlGalnP cladding layers by the 1st dry etching, and the 2nd dry etching is 
performed. Here, in order to detect easily (monitor), as it is shown in the part of this thickness of an AlGalnP cladding 
layer at drawin g 15 (a) that the AlGalnP cladding layer with a thickness of about 1.3 micrometers was etched, the GalnP 
layer 1500 (thickness: about lOnm) from which the 2nd cladding layer 1506 of AlGalnP and a presentation differ may be 
inserted beforehand. 

[01 15] Since the GalnP layer 1500 does not contain aluminum when the 2nd cladding layer of AlGalnP is etched and 
etching advances by the GalnP layer 1500, carrying out spectrographic analysis from the plasma by forming the GalnP 
layer 1500, the value of spectrographic analysis changes. It is correctly detectable that about 1.3 micrometers of the 2nd 
cladding layer were etched with this change. And what is necessary is to perform the 2nd dry etching and just to etch that 
of the 2nd cladding layer of the remaining about 0.2-micrometer thickness, as etching conditions are changed and it is 
shown in drawing 15 (b). By carrying out like this, further, there are few damages at the time of etching, and its 
controllability is good, and they can manufacture the semiconductor laser component which has a uniform property. 
[01 16] The desorption of aluminum 203 can be promoted by sputtering by increasing the amount of chlorine ion 
generation, without the amount of chlorine radical formation making it decrease, when aluminum is contained in the 
sample to etch according to this operation gestalt, even if aluminum 203 is formed of the residual moisture in a reaction 
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chamber. Mdreover, a chlorine radical and aluminum are made to react, and aluminum serves as an aluminum chloride 
and ****s. For this reason, the problem to which a sample is no longer etched into or an etching rate falls is avoidable. 
[0117] 

[Effect of the Invention] According to this invention, the following effectiveness is acquired. 

[01 18] Dry etching of the III-V group who has a smooth etching side, and an II-VI group compound semiconductor can 
be performed by holding about 1 or 1 or more, and internal pressure for a chlorine flow rate / nitrogen flow rate to about 1 
mTorr or 1 or more mTorrs. 

[0119] Moreover, dry etching of the III-V group who has a smooth etching side, and an II-VI group compound 
semiconductor can be performed by controlling independently the amount of a chlorine ion consistency, a chlorine radical 
consistency, and nitrogen ion density, and performing dry etching using the dry etching system equipped with the source 
of a radical, and the source of an ion beam. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** 5^0^ th e word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the dry etching approach of a compound semiconductor especially an 
III-V group, or an II-VI group compound semiconductor, and the semiconductor laser component produced using it. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation, 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] There is an approach indicated by JP,7-66175,A as a dry etching technique of the 
conventional compound semiconductor. By this approach, dry etching is performed to In system compound 
semiconductor using compound magnetic field mold ECR-RIBE (electron cyclotron resonance-reactivity ion beam 
etching) equipment. With compound magnetic field mold ECR-RIBE equipment, it has the coil of two functions, a main 
coil and a subcoil, and emission of the magnetic field near [ to etch ] a sample is suppressed. According to this approach, 
chlorine and nitrogen are used as etching gas. A perpendicular cross section and a smooth etching side are acquired [ the 
flow rate of chlorine gas / nitrogen gas ] for internal pressure to an etching mask on condition that 0.5mTorr(s) or less to 
one. 

[0003] According to the above-mentioned official report, in chlorine gas / nitrogen gas, when supplying gas at one or less 
rate, generating of a chlorine radical is controlled and etching by the chlorine ion serves as dominance from a chlorine 
radical. For this reason, even if it uses the ion which has about teneV low energy, the balance of evaporation of the 
chloride of In and the chloride of P can be maintained. Consequently, etching from which a perpendicular cross section 
and a smooth etching side are acquired to an etching mask is realizable. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the following effectiveness is acquired. 

[01 18] Dry etching of the III-V group who has a smooth etching side, and an II- VI group compound semiconductor can 
be performed by holding about 1 or 1 or more, and internal pressure for a chlorine flow rate / nitrogen flow rate to about 1 
mTorr or 1 or more mTorrs. 

[0119] Moreover, dry etching of the III-V group who has a smooth etching side, and an II- VI group compound 
semiconductor can be performed by controlling independently the amount of a chlorine ion consistency, a chlorine radical 
consistency, and nitrogen ion density, and performing dry etching using the dry etching system equipped with the source 
of a radical, and the source of an ion beam. 



[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Conventionally, in the dry etching of a compound semiconductor, problems, 
such as difficulty, had the dry area of the etching side resulting from the difference of the vapor pressure of the reactant of 
an III group element and etching gas and vapor pressure with the reactant of V group element and etching gas being 
large, and control of a cross-section configuration. 

[0005] The dry etching technique indicated by above-mentioned JP,7-66175,A is also for solving this problem. With this 
technique, by addition of nitrogen gas, chlorine gas decomposes and the amount of generation of a chlorine radical is 
controlled by about 1/3 among the chlorine ion generated and the chlorine radical. The above-mentioned problem is 
solved by this. Moreover, with the above-mentioned technique, in order to make the amount of generation of a chlorine 
radical into min, the pressure in a reaction chamber is set to 0.5 or less mTorrs. Consequently, the desorption rate of the 
chloride of In and the chloride of P is balanced. The description of the above-mentioned technique is etching on the 
conditions from which chlorine radical concentration's becomes min. The above-mentioned official report does not show 
the quantitive data about the amount of generation and etching property of a chlorine ion. 

[0006] Moreover, when aluminum is contained in the sample to etch, there is a problem to which it is no longer etched 
into or an etching rate falls greatly by aluminum 203 being formed of the residual moisture in a reaction chamber. 
[0007] The place which this invention is made in view of the above-mentioned situation, and is made into the purpose As 
opposed to an III-V group and an II-VI group compound semiconductor, and the group III-V semiconducter that contains 
aluminum further Without reducing the amount of chlorine gas radical formation using the chlorine gas which added 
nitrogen gas It is in offering the semiconductor laser component which offered the dry etching approach by which a 
perpendicular cross section and a smooth etching side are acquired, and was produced using this dry etching approach, 
and its manufacture approach. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/16/2005 



Page 1 of 10 



* NOTICES '* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The etching approach by this invention with the dry etching system equipped with the 
source of the plasma which generates the plasma of three or more [ about 1010cm - ] consistencies It is the etching 
approach which carries out dry etching of a group III-V semiconducter or the II- VI group compound semiconductor using 
the mixed gas of the gas and the nitrogen gas containing a halogen. It is (the flow rate of the gas containing a halogen) / 
(flow rate of nitrogen gas) about >=1, and the pressure under etching reaction is about 1 mTorr or 1 or more mTorrs, and 
the above-mentioned purpose is attained by that. 

[0009] With a certain operation gestalt, the 1st etching process which performs the above-mentioned dry etching, and the 
2nd etching process which performs wet etching are included. 

[0010] With a certain operation gestalt, the ion generated in said source of the plasma is accelerated, and it etches with 
the kinetic energy of this accelerated ion, heating a sample front face. 

[001 1] With a certain operation gestalt, the ion generated in said source of the plasma is accelerated, with the kinetic 
energy of this accelerated ion, it heats only near the front face of the sample containing an II-VI group compound, and the 
susceptor of this sample is cooled. 

[0012] It etches with a certain operation gestalt, heating sample susceptor. 

[0013] the 1st dry etching process which accelerates with the 1st acceleration voltage and etches the ion generated in said 
source of the plasma with a certain operation gestalt - this - it carries out after the 1st dry etching process, and the ion 
generated in this source of the plasma is accelerated with the 2nd acceleration voltage, the 2nd dry etching process to etch 
is included further, and this 1st acceleration voltage is larger than this 2nd acceleration voltage. 
[0014] With a certain operation gestalt, said dry etching system is equipped with the source of a radical beam, and the 
source of an ion beam, and it performs dry etching, controlling independently the consistency of the radical generated by 
this source of a radical beam, and the consistency of the ion generated by this source of an ion beam, respectively. 
[0015] With a certain operation gestalt, said compound semiconductor is formed of AlxGaylnl-x-yP (0< x<=l, 
0<=y<=l). 

[0016] With a certain operation gestalt, said compound semiconductor is formed on the off substrate. 
[0017] Other etching approaches by this invention with the dry etching system equipped with the source of the plasma 
which generates the plasma of three or more [ about 1010cm - ] consistencies It is the etching approach which carries out 
dry etching of a group III-V semiconducter or the II-VI group compound semiconductor using the mixed gas of the gas 
and the nitrogen gas containing a halogen. The 1 st dry etching process which makes halogen ion density larger than a 
halogen radical consistency, and etches it, Halogen ion density is made smaller than a halogen radical consistency, the 
2nd dry etching process to etch is included and the above-mentioned purpose is attained by that. 

[0018] The etching system by this invention is equipped with the reaction chamber linked to the source of a radical beam, 
the source of an ion beam, and this source of a radical beam and this source of an ion beam, the sample susceptor 
prepared in this reaction chamber, and a load lock chamber, and the above-mentioned purpose is attained by that. 
[0019] The manufacture approach of the semiconductor laser component by this invention The process which grows at 
least one compound semiconductor layer epitaxially on a semi-conductor substrate, The process which forms the mask by 
which patterning was carried out on one compound semiconductor layer even if there is none of these **, The process 
which etches to one compound semiconductor layer using the etching approach according to claim 1 to 10 even if this ** 
cannot be found, and forms a ridge stripe using this mask, The process which embeds this ridge stripe with a compound 
semiconductor is included, and the above-mentioned purpose is attained by that. 

[0020] With a certain operation gestalt, said substrate is an inclination substrate, said at least one compound 
semiconductor layer contains the barrier layer, and the n mold AlGalnP cladding layer and p mold AlGalnP cladding 
layer which sandwich this barrier layer, and said ridge stripe contains this p mold AlGalnP layer. 
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[002 T] With a certain operation gestalt, said p mold AlGalnP cladding layer has the 1st cladding layer of p mold 
AlGalnP, and the 2nd cladding layer of p mold AlGalnP, and the etching stopper layer is formed between this 1st 
cladding layer and this 2nd cladding layer. 

[0022] With a certain operation gestalt, the layer for carrying out the monitor of the amount into which this 2nd cladding 
layer was etched is formed in said 2nd cladding layer of p mold AlGalnP. 

[0023] The semiconductor laser component by this invention is prepared on the substrate and this substrate. A barrier 
layer, It is the semiconductor laser component equipped with the ridge stripe containing n mold cladding layer which 
sandwiches this barrier layer, and p mold cladding layer. This ridge stripe It has the laser section which carries out laser 
oscillation, and a point, the base of this ridge stripe, the side face of this ridge stripe, and the include angle to make are 
about 60 degrees or more 90 degrees or less, and the above-mentioned purpose is attained by that. 
[0024] With a certain operation gestalt, said point has the width of face which becomes thin in the shape of a taper from 
the width of face of said laser section, and this width of face is about 1 micrometer or less. 

[0025] With a certain operation gestalt, said point has the width of face which becomes larger to the shape of a taper than 
the width of face of said laser section. 

[0026] Other semiconductor laser components by this invention are semiconductor laser components equipped with the 
inclination substrate, and the n mold AlGalnP cladding layer formed on this substrate, a barrier layer and a p mold 
AlGalnP cladding layer, this p mold AlGalnP cladding layer has ridge structure with an almost symmetrical 
configuration, the current block layer is formed in the both sides of this ridge structure, and the above-mentioned purpose 
is attained by that. 

[0027] With a certain operation gestalt, said p mold AlGalnP cladding layer has the 1st cladding layer of p mold 
AlGalnP, and the 2nd cladding layer of p mold AlGalnP, and the etching stopper layer is formed between this 1st 
cladding layer and this 2nd cladding layer. 

[0028] With a certain operation gestalt, the layer for carrying out the monitor of the amount into which this 2nd cladding 

layer was etched is formed in said 2nd cladding layer of p mold AlGalnP. 

[0029] 

[Embodiment of the Invention] Below, the operation gestalt of this invention is explained at a detail. 
[0030] (1st operation gestalt) As 1st operation gestalt of the dry etching approach by this invention, the dry etching 
approach for a group III-V semiconducter is explained. InP is used as a sample to etch. Chlorine gas and nitrogen gas are 
used as etching gas. Drawing 1 shows the configuration of the ECR-RIBE equipment (it is called ECR-RIBE equipment 
for short electron cyclotron resonance-reactivity ion beam etching and the following) used with this operation gestalt in 
** type. In this equipment, the location of the sample to etch is located on the outside of the coil which generates a 
magnetic field. 

[003 1] As shown in drawing 1 , ECR-RIBE equipment is connected with ECR source 101 and the ECR source, and is 
mainly equipped with the reaction chamber 102 and exhaust air pump system (not shown) for installing a sample. Ion and 
a radical are generated in ECR source 101. From a gas inlet 108, the chlorine gas and the nitrogen gas by which the flow 
rate was controlled are introduced into ECR source 101. Furthermore, 2. 45 GHz microwave will face the quartz aperture 
107, and will be introduced into ECR source 101, and chlorine gas and nitrogen gas will be from a waveguide 106 in an 
excitation state. An electron sympathizes with the 875 gauss magnetic field generated with the coil 103, and it repeats gas 
and a collision, carrying out the circular motion. In this way, it is accelerated by the grid 104 and the chlorine ion and 
nitrogen ion which were generated in ECR source 101 are irradiated by the sample 105. 

[0032] Although it is accelerated and a chlorine ion and nitrogen ion are irradiated by the sample 105, since it is not 
ionized, the chlorine radical and nitrogen radical which are generated in ECR source 101 are not accelerated. However, a 
chlorine radical and a nitrogen radical arrive at the front face of a sample 105 by diffusion, and contribute to etching. As 
for this ECR-RIBE equipment, unlike the compound magnetic field mold, the coil is not installed in the side face of a 
reaction chamber 102. For this reason, the magnetic field generated with a coil 103 is an emission magnetic field. 
[0033] The ion and radical which were produced as mentioned above arrive at sample 105 front face, react with InP 
which is a sample, and In chloride and P chloride generate them. The boiling point of PC13 has the boiling point of 76 
degrees C and PC15 as low as 162 degrees C, and evaporates P chloride easily. 

[0034] On the other hand, the boiling point of 560 degrees C and InC13 has the boiling point of 608 degrees C and InC12 
as high as 600 degrees C, and the boiling point of InCl cannot evaporate In chloride easily. For this reason, the layer of In 
chloride is formed in the front face of a sample 105. Since evaporation of In chloride is promoted, the acceleration 
voltage of ion serves as an important element, because the chlorine ion and nitrogen ion which were accelerated collide 
with the front face of a sample 105 from ECR source 101. Less than [ acceleration voltage 300V ], evaporation does not 
take place and In chloride is not etched. 
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0035*] Table* 1 shows the conditions of etching of being used with this operation gestalt. 
0036] 

Table 1] 
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[0037] In the conditions shown in Table 1, acceleration voltage is about 300v or more, and etching is the optimal. In 
addition, Si02 is used as a mask for etching. 

[0038] The main results of having performed dry etching to below using the conditions shown in Table 1 are explained. 
[0039] In the experiment, the chlorine flow rate was set as about 10 SCCM(s), about 2.5 mTorr(s) and sample 
temperature were set [ acceleration voltage ] as about 200 degrees C for the internal pressure under about 650V and 
reaction, the nitrogen flow rate was changed, and dry etching was performed. Evaporation of an III group compound can 
be promoted by heating sample susceptor and maintaining sample temperature at about 200 degrees C. 
[0040] As a nitrogen flow rate, drawing 2 shows each cross-section photograph of InP to which about 35 SCCM(s) and 
dra wing 3 performed about 7 SCCM(s) on condition that about 3.5 SCCM(s), and drawing 4 performed dry etching in a 
mimetic diagram. 

[0041] Drawing 2 (a) shows the cross section etched using Si02 mask to an InP substrate. Although InP is etched as 
shown in this drawing, the base (etching side) is very ruined. Drawing 2 (b) is the perspective view of drawing 2 (a). 
Drawing 2 (b) also shows well that the base is ruined. In the case of drawing 3 , etching is possible in the almost 
perpendicular direction to Si02 mask, and most base dry areas are lost. In the case of drawing 4 , there is no base dry area 
and the etching side is smooth. However, side etching into which the mask bottom is also etched takes place, and 
perpendicular etching has not been performed to the mask. 

[0042] The above-mentioned result shows that there is a boundary where the etching side of nitrogen flow rate [ a 
chlorine flow rate / ] is ruined between about 0.29 and 1.43. According to the experiment, it turned out that the ratios of 
the chlorine flow rate / nitrogen flow rate of the boundary are the about 1.0 neighborhoods. Moreover, it turns out that the 
smooth nature of an etching side has [ the about 2.85 neighborhoods ] the best ratio of a chlorine flow rate / nitrogen flow 
rate. 

[0043] However, if the cross-section configuration of drawin g 4 is seen, it is not perpendicular and side etching is 
considerably contained. In order to obtain a perpendicular cross section, it is necessary to stop the chemical reaction 
component in dry etching. Then, it etched by lowering sample temperature to about 100 degrees C. The result is shown in 
drawing 5 (conditions other than temperature are the same as the case of drawin g 4 ). 

[0044] By lowering sample temperature to 100 degrees C, a spatter component will become strong from chemical 
reactivity, and Si02 mask will retreat by being etched (it moves to a substrate side). For this reason, over etching happens 
and it becomes a trapezoid cross-section configuration. However, since the etching side is very smooth, it is satisfactory 
practically also in a trapezoid cross section. 

[0045] As shown in drawing 4 and 5, when the chemical reaction component in etching is more superior than a spatter 
component, side etch happens, when a spatter component is more superior than chemical reactivity, a mask retreats and 
over-etching happens. 

[0046] Next, examination of the etching conditions for obtaining a perpendicular cross section is explained. 

[0047] In order to make chemical reactivity increase, sample temperature was made into about 150 degrees C, in order to 

raise an etching rate, the amount of supply of chlorine was increased up to about 1 1.5 SCCM(s) (a nitrogen flow rate is 

3.5SCCM(s) as well as the case of drawing 4 ), and it etched. The result is shown in drawing 6 . A spatter component and 

a chemical reaction component can be balanced and a perpendicular etching cross section is realized so that drawing 6 

may show. In this case, acceleration voltage is about 650V and internal pressure is still about 2.5 mTorr(s). 

[0048] Each etching condition in drawing 2 -6 is collectively shown in Table 2. 

[0049] 

[Table 2] 
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[0050] It will not be ruined if the ratio of a chlorine flow rate / nitrogen flow rate is about L0 or more. However, if this 
flow rate is made large to 6.4 or more, it will begin to be ruined for a while again. In consideration of the dry area of an 
etching side, the range of the optimum value of the flow rate of a chlorine flow rate / nitrogen flow rate is about L0 to 
6.4. 

[0051] drawing 16 - the spectrum of plasma luminescence - a result is shown. An optical result expresses a change of 
the nitrogen ion and chlorine ion to nitrogen concentration, and a chlorine radical on the strength at this rate. Each 
luminescence reinforcement shown in drawing 16 is standardized by the plasma luminescence reinforcement of only 
chlorine gas. As for nitrogen ion, 652.9nm was observed, and, as for the chlorine ion, luminescence by 727. 9nm was 
observed, as for 450. 8nm and a chlorine radical. Luminescence by 652.9nm only in the case of chlorine gas is a noise, 
and is not luminescence by nitrogen ion. 

[0052] The luminescence reinforcement of nitrogen ion increases simply in proportion to the addition of nitrogen. 
Although the luminescence reinforcement by the chlorine ion increases by addition of nitrogen, the addition 
concentration of nitrogen shows maximum at about 23%. This maximum is about 1.4 times in nitrogen additive- free. 
Then, according to the increment in nitrogen addition concentration, slight luminescence reinforcement by the chlorine 
ion decreases, and is saturated with one about 1.3 times [ in nitrogen additive-free ] the value of this, although it increases 
about 10% by addition of nitrogen, it comes out to this extent and the luminescence reinforcement by the chlorine radical 
is saturated, and even if it adds nitrogen further, it does not increase. 

[0053] Below, change of the above-mentioned luminescence reinforcement is explained as compared with an etching 
property. 

[0054] When a chlorine flow rate / nitrogen flow rate is less than one, the nitrogen concentration in drawing 16 is a field 
(field **) exceeding 50%. In field **, although chlorine ion reinforcement is about 1.3 or more times to the case of pure 
chlorine (nitrogen additive-free), nitrogen ionic strength has increased about 3 times. That is, it is thought with 
superfluous nitrogen ion by carrying out the spatter of the P chloride with vapor pressure high among In chloride and P 
chloride alternatively that it is ruined. 

[0055] When a chlorine flow rate / nitrogen flow rate is 6.4 or less [ about 1 or more ], the nitrogen concentration of 
drawing 16 is equivalent to about 50% or less of field (field **) about 13% or more. In this field, the reinforcement of 
nitrogen ion does not increase so much, but balance of the desorption from the front face of In chloride and P chloride can 
be taken, and the smooth etching side is realized. 

[0056] When a chlorine flow rate / nitrogen flow rate exceeds 6.4, the nitrogen concentration of drawing 16 is equivalent 
to about 13% or less of field (field **). In field **, it is ruined again. Since the desorption of In chloride which this 
generated, and P chloride mainly happens with heat energy from the spatter effectiveness, it is thought that it is because 
the alternative desorption of P chloride happens. 

[0057] As stated above, the effectiveness which adds nitrogen gas not only promotes generation of a chlorine ion, but in 
this invention, the big description has it in the place which promotes the desorption of the chloride of an III group or V 
group according to the spatter effectiveness by the nitrogen ion itself This is also the same as when this invention is 
applied to an II-VI group compound semiconductor. 

[0058] In the above explanation, as an ingredient to etch, although a group's III-V semiconducter InP was used, the 
ingredient of an AlGalnP system, an AlGalnN system, and the ZnMgSSe system of an II-VI group compound 
semiconductor may be used instead of InP so that it may explain later. Moreover, although an etching rate falls, etching is 
possible even if it holds substrate temperature to a room temperature. 

[0059] (2nd operation gestalt) Below, the dry etching approach for a group III-V semiconducter is explained as 2nd 
operation gestalt of the dry etching approach by this invention. More specifically, the dry etching approach to etch is 
explained with the kinetic energy of the accelerated ion, heating only a sample front face, without raising the temperature 
of the whole sample. 
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[0060-] InP is-used as an etching sample and Si02 is used as an etching mask. In addition, the approach of this operation 
gestalt is applicable to etching of an II- VI group compound semiconductor. 

[0061] As the operation gestalt of the above 1st described, when raising sample temperature, the chemical reaction 
component in dry etching becomes dominance from a spatter component, and side etching into which the mask bottom is 
also etched takes place. However, if sample temperature is lowered, since a spatter component will become strong, over- 
etching to which a mask retreats is caused, or an etching base is ruined. 

[0062] So, with this operation gestalt, it is made to stick to the sample maintenance fixture which produced the sample 
with aluminum, and it etches, cooling this maintenance fixture. 

[0063] By the grid, it is accelerated by hundreds V and the ion generated in an ECR source is irradiated by the sample 
with kinetic energy. The radical generated in an ECR source is not accelerated. Since the energy per radical has many 
radicals generated with 20-30eV although it is small, the total energy received from a radical has a quite large sample 
front face. Thus, in order that a sample front face may obtain many ion and the energy of a radical, even if it does not go 
up the temperature of a sample substrate, the same effectiveness as the case where the sample itself is raised to hundreds 
of degrees C is acquired. That is, by heating the front face of a sample in this way, evaporation of the chloride of an III 
group or II group is promoted, and an etching rate is improved. 

[0064] ECR-RIBE equipment is used, about 200 W and internal pressure are set to about 2.5 mTorr(s), it sets [ a chlorine 
flow rate / about 1 1.5 SCCM(s) and a nitrogen flow rate ] acceleration voltage to about 650 V for about 3.5 SCCM(s) and 
microwave power, and drawing 8 shows the cross section of InP at the time of performing dry etching to InP. 
[0065] In this case, it is not heating to the whole sample. The sample maintenance fixture produced with aluminum is 
equipped with the sample. A sample maintenance fixture is put on the sample susceptor by which water cooling was 
carried out. Only the part near the front face of a sample is heated by this, and the temperature of the part except this part 
does not rise by it. A sample is protected from a thermal damage. Especially the thing done like this is effective in etching 
the sample containing an II-VI group compound. Because, since the crystal growth temperature (about 260 degrees C) of 
an II-VI group compound semiconductor is low, in order to prevent crystalline degradation, it is necessary to make 
etching temperature lower (about 250 degrees C or less) than crystal growth temperature. 

[0066] As the operation gestalt of the above 1st described, the configuration of an etching cross section reflects the 
balance of the spatter component to etch and a chemical reaction component. That is, when a spatter component is 
dominance, over-etching of the cross section is carried out, and when a chemical reaction component is dominance, side 
etching takes place. 

[0067] Although the temperature of the whole sample is near a room temperature according to this operation gestalt as 
drawin g 8 shows, the cross section is almost perpendicular and has balanced the chemical reaction component and the 
spatter component. The cross section of drawing 8 shows the same cross-section configuration as the case of drawing 6 , 
when it etches by setting sample temperature as 150 degrees C. That is, the result shown in drawing 8 which etched 
without heating is the same as the result shown in drawing 6 which etched by setting sample temperature as 150 degrees 
C about the cross-section configuration. However, the etching rate in the case of drawing 8 is lower than it in the case of 
drawing 6 25%. 

[0068] In addition, with this operation gestalt, although sample temperature is set up near the room temperature, it can 
also make the difference [ chloride / of an III group ] of sublimation small by cooling sample susceptor at 0 degree C or 
less, and controlling sublimation of V group's chloride. This can perform dry etching from which a perpendicular cross 
section and a smooth etching side are acquired. 

[0069] (3rd operation gestalt) As 3rd operation gestalt of the dry etching approach by this invention, the dry etching 
approach for a group III-V semiconducter is explained. The dry etching approach of more specifically performing two 
steps of etching of different conditions is explained. As a sample, Si02 is used as InP and an etching mask, and chlorine 
and nitrogen are used as etching gas. 

[0070] The 1st dry etching is first performed using ECR-RIBE equipment. In this 1st dry etching, by setting internal 
pressure to about 1 or less mTorr, and setting acceleration voltage to about 300v or more, the collision between gas 
molecules is suppressed and ion density is made larger than a radical consistency. About 1 or more and sample 
temperature are set as about 100 degrees C for a chlorine flow rate / nitrogen flow rate. In this case, etching by the spatter 
component becomes dominance from a chemical reaction component, the high-speed dry etching in a perpendicular 
direction progresses to a sample front face, and the configuration near a desired configuration is formed. 
[0071] The 1st dry etching of the above has the above and a comparatively high etching rate by about 1000 A/. When 
etching at high speed, in the etched side face or etching side, the damage by which induction is carried out to processing 
arises, or it is ruined. This is because a crystal defect arises in a sample, when it is accelerated on the high electrical 
potential difference beyond 300V and the halogen ion generated in an ECR source is irradiated by the sample. Moreover, 
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since the boiling points of a halogenide differ to an III group (or II group) and V groups (or VI group), when the 
stoichiometry in an etching side shifts, it is because the III group (or II group) elements in an etching side increase in 
number more than V group (or VI group) element in an excess. 

[0072] Next, it continues at the 1st dry etching and the 2nd dry etching is performed. It is removing the layer which has 
the processing induction damage produced by the 1st dry etching as a purpose which performs this 2nd dry etching. 
Moreover, it is removing the devastated field and making it smooth by the 1st dry etching, when a dry area's arises in an 
etching side. In order to attain the above-mentioned purpose, about 3 or more and internal pressure are set as about 2 or 
more mTorrs, it sets about 300v or less and sample temperature as about 200 degrees C for acceleration voltage, and the 
2nd dry etching performs a chlorine flow rate / nitrogen flow rate. In this case, the collision between gas molecules 
increases and the radical consistency becomes large from ion density. Furthermore, since a mean free path becomes 
small, the chemical reaction component acts strongly from a spatter component. 

[0073] Since the processing induction damage done to a crystal is small, etching under the strong conditions of the above 
chemical reactivity can remove a layer including many processing induction damages produced in the 1st dry etching. 
When ruined in the 1st dry etching, the devastated field can be made smoother by the 2nd dry etching of the above. 
[0074] The 1st dry etching is a chlorine flow rate. Although it can carry out on condition that /nitrogen flow rate 
abbreviation >=1, internal pressure abbreviation <=lmTorr, and acceleration voltage abbreviation >=300V, a chlorine 
flow rate / nitrogen flow rate abbreviation >=3, internal pressure abbreviation <=0.5mTorr, and acceleration voltage 
abbreviation >=600V are more more desirable as optimum conditions. 

[0075] Although the 2nd dry etching can be performed on condition that a chlorine flow rate / nitrogen flow rate 
abbreviation >=3, internal pressure abbreviation >=2mTorr, and acceleration voltage abbreviation <=300V, a chlorine 
flow rate / nitrogen flow rate abbreviation >=10, internal pressure abbreviation >=3mTorr, and acceleration voltage 
abbreviation <=100V are more more desirable as optimum conditions. 

[0076] Drawing 12 is the sectional view showing the process of the dry etching by this operation gestalt. First, as shown 
in drawing 12 (a), Si02 mask 1202 by which patterning was carried out is formed on the InP substrate 1201. Then, as 
shown in dr awin g 12 (b), the 1st dry etching is performed. According to this process, the damage layer 1203 by which 
induction is carried out to processing arises on an etching front face. Next, as shown in drawing 12 (c), the 2nd dry 
etching is performed. In the 2nd dry etching, a chlorine ion consistency is small and a chlorine radical consistency is 
larger than the case of the 1st dry etching. By performing the 2nd dry etching, the damage layer 1203 by which induction 
is carried out to processing is removed, and a perpendicular side face and a smooth etching side can be formed to a mask 
1202. 

[0077] In addition, in the above explanation, the size relation of the chlorine ion consistency and chlorine radical 
consistency in the 1st and 2nd dry etching was changed by changing internal pressure, flow rate, and acceleration voltage. 
Instead, the 1st and the 2nd dry etching may be performed by changing only acceleration voltage. That is, the 1st and 2nd 
dry etching is a chlorine flow rate. Using conditions with /nitrogen flow rate abbreviation >=3, an internal pressure 
abbreviation >=2mTorr, and a sample temperature of about 200 degrees C, in the 1st dry etching, acceleration voltage is 
set as about 900V, and acceleration voltage is set as about 100 V by the 2nd dry etching. On such conditions, even if it 
performs dry etching, etching without a dry area is realizable. 

[0078] (4th operation gestalt) Below, the etching approach for a group III-V semiconducter is explained as 4th operation 
gestalt of the etching approach by this invention. More specifically, the etching approach of performing two steps of 
etching, dry etching and wet etching, is explained. As a sample, Si02 is used as InP and an etching mask, and chlorine 
and nitrogen are used as etching gas. As an etching solution of wet etching, a hydrochloric acid, an acetic acid, and 
hydrogen peroxide solution are used. 

[0079] First, 1st etching (dry etching) is performed using ECR-RIBE equipment. In this 1st etching, abbreviation >=1 and 
internal pressure are made to about 2 or more mTorrs, and about 300v or more and sample temperature are made [ a 
chlorine flow rate / nitrogen flow rate ] into about 100 degrees C or more for acceleration voltage. Although the 1st 
etching is possible on the above-mentioned conditions, for about 3.5 SCCM(s) and sample temperature, about 150 
degrees C and acceleration voltage are [ a chlorine flow rate / about 1 1.5 SCCM(s) and a nitrogen flow rate / about 650V 
and internal pressure of optimum conditions ] about 2.5 mTorr(s). On such conditions, a sample is processible into a 
predetermined configuration. A layer including the processing induction damage generated by the 1st etching is removed 
by the 2nd etching explained below. 

[0080] Drawing 7 shows typically the configuration of the spin etching system used for the 2nd etching. 2nd etching, i.e., 
wet etching, is performed in a reaction chamber 705. The sample 701 by which dry etching was carried out [ above- 
mentioned ] is installed on the sample maintenance base 702. The sample maintenance base 702 holds a sample 701 by 
the vacuum chuck, and rotates with a predetermined rotational speed. The mixed liquor of the hydrochloric acid which is 
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maintained by the etchant tank 704 and saved to predetermined temperature at it, an acetic acid, and hydrogen peroxide 
solution comes out of a nozzle 703, and flows and falls on a sample 701. The core of a nozzle 703 and the sample 
maintenance base 702 is in agreement, and a nozzle 703 reciprocates the between to a predetermined distance to radial 
[ of the core of the sample maintenance base 702 to a sample maintenance base ]. While a nozzle 703 fails to flow liquid 
in the sample 701 to rotate, very uniform wet etching is performed by reciprocating radial. In this way, the damage layer 
by which induction is carried out to processing produced by the 1st etching is removed. The temperature of 3:36:1 and 
mixed liquor of the mixing ratio of a hydrochloric acid, an acetic acid, and hydrogen peroxide solution should just be 20 
degrees C. 

[0081] Since wet etching does not contain a spatter component, some damages which are given by using dry etching can 
also be prevented by using wet etching. For this reason, the smooth nature of an etching side can be improved further. 
[0082] In this operation gestalt, as a solution used for the 2nd etching, although a hydrochloric acid, an acetic acid, and 
hydrogen peroxide solution were used, it may replace with this and the mixed liquor of the mixed liquor of the mixed 
liquor of a sulfuric acid, hydrogen peroxide solution, and water, a hydrochloric acid, and a phosphoric acid or saturation 
bromine water, and a methanol may be used. What is necessary is just the solution from which induction is carried out to 
processing produced by the 1st etching in short, and a damage layer can be removed. 

[0083] (5th operation gestalt) The dry etching system which equipped below with the source of a radical beam and the 
source of an ion beam other than an ECR source, and the dry etching approach using it are explained. 
[0084] Drawing 9 shows typically the configuration of the dry etching system of this operation gestalt. This equipment is 
equipped with the source 902 of a radical beam and the source 903 of an ion beam other than ECR source 904 and a 
reaction chamber 901 . The source 902 of a radical beam and the source 903 of an ion beam are connected to the reaction 
chamber 901. 

[0085] All over the reaction chamber 901, it has the sample maintenance base 905 holding a sample 906. The chlorine ion 
generated by the chlorine radical generated in the source 902 of a radical beam, the chlorine ion generated in the source 
903 of an ion beam, and ECR source 904, a chlorine radical, and nitrogen ion are irradiated by the sample 906. A sample 
906 is sent to a reaction chamber 901 from the load lock chamber 900 for paying a sample 906 to a reaction chamber 901. 
A reaction chamber 901 is exhausted by about 10 to 6 or less Torrs by the exhaust air system (not shown). 
[0086] In the source 902 of a radical beam, RF RF will be added and chlorine gas will be in the plasma state. A chlorine 
ion and a chlorine radical occur by this. Since a mean free path is several centimeters, it collides with other atoms or an 
electron and a chlorine ion disappears in the source 902 of a radical, or a reaction chamber 901 when not accelerated, it 
does not reach to a sample. The generated radical arrives even at a sample front face by diffusion, and contributes to a 
reaction. 

[0087] On the other hand, also in the source 903 of an ion beam, RF RF will be added and chlorine gas will be in the 
plasma state. A chlorine ion and a chlorine radical occur by this. By changing the electrical potential difference applied to 
the drawer electrode 9031, by changing the rate of the chlorine ion pulled out from the source 903 of an ion beam, and a 
chlorine radical, many chlorine ions are pulled out and irradiated on a sample front face from a chlorine radical. 
[0088] In ECR source 904, as the 1st operation gestalt described, gas is decomposed and ion and a radical are generated. 
Nitrogen gas is introduced into ECR source 904 in this operation gestalt. 

[0089] The consistency of the radical which contributes to the smooth nature of the gas which contributes to a reaction, 
and the consistency of the ion contributed to an etching rate are independently controllable, respectively by having the ion 
source, a source of a radical, and an ECR source as mentioned above. For this reason, high-speed etching is possible, with 
the smooth nature of an etching side maintained. It becomes easy to control the smooth nature of an etching rate, a cross- 
section configuration, and an etching side. As the 1st operation gestalt described in the case of the dry etching of InP by 
the mixed gas of chlorine and nitrogen, using Si02 as a mask, P chloride is sublimated easily, and since it is hard to 
sublimate In chloride, the layer of In chloride will be formed in a sample front face. What is necessary is just to use the 
kinetic energy of the accelerated chlorine ion and nitrogen ion, in order to make the layer of this In chloride sublimate. 
[0090] Then, what is necessary is to make [ more ] a chlorine ion flow rate than a chlorine radical flow rate, to accelerate 
by the high voltage of about 300v or more, and just to supply a chlorine ion and nitrogen ion. What is necessary is just to 
set sample temperature as about 150 degrees C or more, in order to make an etching rate high. 

[0091] According to this operation gestalt, the dry etching of InP in which about 300v or more and the nitrogen ion from 
an ECR source are [ about 10 or more SCCMs and acceleration voltage ] about 3 or less SCCMs for the chlorine ion flow 
rate from about 1 or more SCCMs and the source of an ion beam, and the chlorine radical flow rate from the source of a 
radical beam has a smooth etching side is possible. Furthermore, dry etching in which a chlorine radical flow rate has the 
cross section about 1 SCCM and a chlorine ion flow rate has [ the acceleration voltage of about 10 SCCM(s) and a 
chlorine ion / about 600v or more and the nitrogen flow rate of an ECR source ] about 3 SCCM(s) and sample 
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temperature perpendicular in a cross section on the conditions which are about 150 degrees C, and a smooth etching side 
is realized. 

[0092] (6th operation gestalt) Below, the manufacture approach of a semiconductor laser component is explained using 
the etching approach explained with the operation gestalt of the above l-5ths. The diameter conversion laser of a spot is 
used as a semiconductor laser component. Drawing 10 (a) - (c) shows typically the cross section of the structure of the 
diameter conversion laser of a spot. 

[0093] This diameter conversion laser of a spot has the laser section 1010 and the spot-size transducer (point) 101 1, as 
shown in drawing 10 (a). The laser section 1010 has the stripe configuration which has fixed width of face and thickness. 
As for the spot-size transducer 101 1, width of face is [ width of face ] small toward the outgoing radiation edge 1012 at 
the shape of a taper. A laser beam is changed into the path m of the outgoing radiation edge (tip of a point 101 1) 1012 of 
the spot-size transducer 101 1 from the diameter of a spot in the laser section 1010, while guiding the spot-size transducer 
101 1 . Width of face m is [ the include angle of about 1 micrometer or less (typically about 0.6 micrometers) and a cross 
section of the outgoing radiation edge 1012 ] about 90 degrees. 

[0094] Drawin g 10 (b) shows the cross section in alignment with line A-A f of drawing 10 (a). As shown in drawing 10 
(b), epitaxial growth of the n-InP layer 1002, the n-InGaAsP cladding layer 1003, a barrier layer 1004, the p-InGaAsP 
cladding layer 1005, and the p-InP cap layer 1007 is carried out one by one on the n-InP substrate 1001. these layers — 
the mesa stripe (ridge stripe) 1014 - constituting - the mesa stripe 1014 - half— it is embedded by insulating InP1006. 
The p lateral electrode 1009 is formed on the p-InP cap layer 1007, and the n lateral electrode 1008 is formed all over the 
rear face of a substrate 1001. 

[0095] The electron hole poured in from the p lateral electrode 1009 is recombined by the electron and barrier layer 1004 
which were poured in from the n lateral electrode 1008. Luminescence takes place under the p lateral electrode 1009, and 
carries out laser oscillation by being shut up in a resonator end face. 

[0096] Drawing 10 (c) shows the cross section in alignment with line B-B' of drawing 10 (a). The laser section 1010 
differs in the width of face of a barrier layer 1004 from the spot-size transducer 1011 so that drawing 10 (b) and drawing 
10 (c) may be compared and understood. That is, the direction of the width of face of the barrier layer 1004 of the spot- 
size transducer 1011 is small. 

[0097] Below, the manufacture approach of the diameter conversion laser of a spot is shown, referring to drawing 1 1 (a) - 
(g). Drawin g 1 1 (a) - (g) is the mimetic diagram of the cross section of the laser section 1010. The width of face of a 
barrier layer etc. only differs, and the spot-size transducer 1011 is manufactured by the laser section 1010 and 
coincidence. 

[0098] First, as shown in drawing 1 1 (a), sequential growth of the n-InP layer 1 102, the n-InGaAsP cladding layer 1 103, 
a barrier layer 1 104, and the p-InGaAsP cladding layer 1 105 is carried out on the n-InP substrate 1 101 by metal-organic 
chemical vapor deposition (MOVPE law). Then, as shown in drawing 1 1 (b), Si02 mask 1 106 which has a predetermined 
configuration is formed on the p-InGaAsP cladding layer 1 105. 

[0099] Next, as shown in drawing 1 1 (c), the mesa stripe (ridge stripe) 1 109 is formed using ECR-RIBE equipment by 
the etching approach explained with the operation gestalt of the above l-5ths. Chlorine flow rate / nitrogen flow rate 
abbreviation >=1, and microwave power about 200 W, the internal pressure of about 2 or more mTorrs, the sample 
temperature of about 150 degrees C or more, and the acceleration voltage of the conditions of etching are about 300v or 
more. The side face of a mesa stripe and the front face of a substrate 1101 which are formed on this condition, and the 
include angle theta to make are about 60 degrees or more 90 degrees or less, as shown in drawing 1 1 (c) and (g). next, it 
is shown in drawing 1 1 (d) - as - MOVPE - law ~ Si02 mask 1 106 - as the mask of selective growth - using — crystal 
growth - carrying out - the mesa stripe 1 109 - half— it embeds by insulating InPl 107. after removing Si02 mask 1 106, 
it is shown in drawing 1 1 (e) - as - MOVPE - the p-InGaAsP cap layer 1 108 is grown up by law. Finally, as shown in 
drawing 11 (f), it heat-treats by vapor-depositing the p lateral electrode 1111 and the n lateral electrode 1110, and ohmic 
contact is formed. 

[0100] As explained above, according to this invention, a cavity and waveguide with the front face of the substrate 1101 
as shown in drawing 1 1 (g), the side attachment wall of the mesa stripe whose include angle theta to make is about 60 
degrees - 90 degrees, and outgoing radiation opening of 1 micrometer or less of**** can be formed by etching with 
ECR-RIBE equipment using chlorine gas and nitrogen gas. According to the approach of this invention, it is avoidable 
that the reverse mesa (the above-mentioned include angle theta is 90 degrees or more) to which the dependability of a 
component is fallen is formed. 

[0101] In addition, in the above-mentioned explanation, although the width of face of a point 1011 is narrower to the 
shape of a taper than the width of face of the laser section 1010, it may become larger to the shape of a taper than the 
width of face of the laser section 1010. 
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[0102] In the-above operation gestalt, although ECR-RIBE equipment was used, it may replace with this and the dry 
etching system equipped with the source of the inductive-coupling mold plasma, the dry etching system equipped with 
the source of the Helicon mold plasma, or the dry etching system equipped with the source of the NLD mold plasma may 
be used. 

[0103] Moreover, although the above operation gestalt explained using InP as a compound semiconductor/other HI-V 
groups or II- VI group compound semiconductors may be used. In addition, in the above explanation, although chlorine 
gas was used, the gas containing chlorine, a bromine, or iodine may be used. 

[0104] (7th operation gestalt) Below, the manufacture approach of other semiconductor laser components is explained 
using the etching approach explained with the operation gestalt of the above l-5ths, referring to drawing 13 (a) - (d). In 
this operation gestalt, the compound semiconductor etched contains aluminum (aluminum). 

[0105] first, it is shown in drawing 13 (a) — as — MOVPE — on the n mold GaAs substrate 1301 by law A n mold GaAs 
buffer layer (un-illustrating), n mold AlxGaylnl-x-yP (0< x<=l, 0<=y<=l, and the following) AlGalnP The cladding 
layer 1302 called for short, the multiplex quantum well barrier layer 1303 constituted by an AlGalnP barrier layer and the 
GalnP well layer, the 1st cladding layer 1304 of p mold AlGalnP, the GalnP etching stopper layer 1305 (thickness: about 
5nm), Epitaxial growth of the 2nd cladding layer 1306 of p mold AlGalnP is carried out. The GaAs substrate 1301 is an 
off substrate which inclines in the [110] directions about 10 degrees from the field (100). 
[0106] Next, in order to form a ridge, 4 micrometers of**** and Si02 mask 1307 with a thickness of about 0.5 
micrometers by which patterning was carried out are formed on the p mold AlGalnP layer 1306. 
[0107] Next, as shown in drawing 13 (b), a ridge 1313 is formed by using Si02 mask 1307 as an etching mask using the 
dry etching approach explained by the above l-5ths. As conditions for etching, a chlorine flow rate / nitrogen flow rate is 
set as about 3.1 by setting a chlorine flow rate to about 1 1 SCCM(s), and setting nitrogen to about 3.5 SCCM(s). In 
addition, acceleration voltage is [ about 2.5 mTorr(s) and the sample temperature of about 650V and internal pressure ] 
about 100 degrees C. The ridge 1313 of symmetrical trapezoidal shape is obtained by performing dry etching on such 
conditions. 

[0108] Usually, by etching using an inclination substrate, as shown in drawing 14 (b), a ridge does not become the 
configuration of bilateral symmetry. Since the substrate inclines from a field (100), in the wet etching using the etching 
reagent of a sulfuric-acid system, the inclination of the side face in the pars basilaris ossis occipitalis of a ridge becomes 
loose, and a ridge serves as an unsymmetrical configuration. Consequently, impregnation of the carrier to a barrier layer 
and light close, eye ** becomes an ununiformity, and the transverse mode becomes unstable. This becomes remarkable 
when operating laser at an elevated temperature especially. 

[0109] Moreover, in the semiconductor laser of an AlGalnP system, in order to short-wavelength-ize wavelength of a 
laser beam, whenever [ tilt-angle ] is enlarged increasingly. The asymmetry of a ridge becomes larger as whenever [ tilt- 
angle ] becomes large. As shown in drawing 14 (a), in spite of using an OFF substrate by performing dry etching on the 
above-mentioned conditions according to this operation gestalt, the ridge 1412 with a symmetrical configuration can be 
formed. 

[0110] The dry etching for carrying out ridge formation is stopped in the etching stopper layer 1305, as shown in drawing 
13 (b). The thickness of the 2nd cladding layer 1306 of p mold AlGalnP etched by dry etching is about 1.5 micrometers. 
As the 2nd operation gestalt explained such a thick layer, about 1.3 micrometers is first etched by the 1st dry etching with 
a strong spatter component, and the about 0.2-micrometer p molds AlGalnP remaining by the 2nd dry etching with a 
strong chemical reaction component are etched after that. If it carries out like this, the damage by etching will not be 
exerted on the layer below the etching stopper layer 1305. 

[0111] Moreover, as the 3rd operation gestalt explained, the 2nd cladding layer 1306 with a thickness of about 1.3 
micrometers may be etched by dry etching with a strong spatter component, and the 2nd about 0.2-micrometer remaining 
cladding layers 1306 may be etched by wet etching as the 2nd etching. 

[01 12] After forming a ridge 13 13, as shown in drawing 13 (c), the n mold GaAs current block layer 1309 which is n 
mold embedding layer is grown up alternatively, using Si02 mask 1307 as it is. 

[01 13] Next, Si02 mask 1307 is removed, and as shown in drawing 13 (d), the p mold GaAs contact layer 1310 is grown 
up. Finally, the p lateral electrode 1312 is formed in the rear face of the n mold GaAs substrate 1301 on the n lateral 
electrode 1311 and the contact layer 1310, and laser structure is completed. 

[0114] In the manufacture approach of the semiconductor laser component of this operation gestalt, by setting the flow 
rate of halogen gas and nitrogen gas as formation of a ridge 1313 in an abbreviation 1.4 <= chlorine flow rate / nitrogen 
flow rate <= about 4.0 range Although the base of a ridge 1313, the side face of a ridge 1313, and the include angle theta 
to make use an OFF substrate while turning into about 60 - 90 degrees, they can manufacture a semiconductor laser 
component with a ridge configuration with sufficient symmetry. For this reason, the carrier to a barrier layer shuts up, 
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light closes, and eye ** does not become an ununiformity, but a semiconductor laser component with high dependability 
with the stable transverse mode is obtained. Furthermore, according to this operation gestalt, an etching rate does not fall 
in spite of etching of the compound semiconductor containing aluminum. In addition, in the above explanation, in the 
process which carries out dry etching of the 2nd cladding layer of p mold AlGalnP, conditions are changed in the phase 
which etched about 1.3 micrometers of AlGalnP cladding layers by the 1st dry etching, and the 2nd dry etching is 
performed. Here, in order to detect easily (monitor), as it is shown in the part of this thickness of an AlGalnP cladding 
layer at drawing 15 (a) that the AlGalnP cladding layer with a thickness of about 1.3 micrometers was etched, the GalnP 
layer 1500 (thickness: about lOnm) from which the 2nd cladding layer 1506 of AlGalnP and a presentation differ may be 
inserted beforehand. 

[0115] Since the GalnP layer 1500 does not contain aluminum when the 2nd cladding layer of AlGalnP is etched and 
etching advances by the GalnP layer 1500, carrying out spectrographic analysis from the plasma by forming the GalnP 
layer 1500, the value of spectrographic analysis changes. It is correctly detectable that about 1.3 micrometers of the 2nd 
cladding layer were etched with this change. And what is necessary is to perform the 2nd dry etching and just to etch that 
of the 2nd cladding layer of the remaining about 0.2-micrometer thickness, as etching conditions are changed and it is 
shown in dr awing 15 (b). By carrying out like this, further, there are few damages at the time of etching, and its 
controllability is good, and they can manufacture the semiconductor laser component which has a uniform property. 
[0116] The desorption of aluminum 203 can be promoted by sputtering by increasing the amount of chlorine ion 
generation, without the amount of chlorine radical formation making it decrease, when aluminum is contained in the 
sample to etch according to this operation gestalt, even if aluminum 203 is formed of the residual moisture in a reaction 
chamber. Moreover, a chlorine radical and aluminum are made to react, and aluminum serves as an aluminum chloride 
and ****s. For this reason, the problem to which a sample is no longer etched into or an etching rate falls is avoidable. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram of ECR-RIBE equipment 

[Drawing 2] (a) It is a sectional view after the dry etching [ in / it reaches and / in (b) / 1 operation gestalt of this 
invention ] of InP. 

[Drawing 3] The sectional view after the dry etching of InP in 1 operation gestalt of this invention 

[ Drawin g 4] The sectional view after the dry etching of InP in 1 operation gestalt of this invention 

[Drawing 5] The sectional view after the dry etching of InP in 1 operation gestalt of this invention 

[Drawing 6] The sectional view after the dry etching of InP in 1 operation gestalt of this invention 

[Drawing 7] The configuration sectional view of the spin etching system for carrying out wet etching to homogeneity, 

rotating a substrate 

[Drawing 8] The sectional view after the dry etching of InP in 1 operation gestalt of this invention 

[Drawing 9] The configuration sectional view of the dry etching system equipped with the source of a radical beam, the 

source of an ion beam, and the ECR source 

[Drawing 10] (a) - (c) - 1 operation gestalt of this invention - the sectional view of the diameter conversion laser of a 
spot to kick 

[ Drawin g 11] (a) - (g) is the production process sectional view of the diameter conversion laser of a spot of drawing 10 . 
[Drawing 12] (a) - (c) is the mimetic diagram of the two-step dry etching of different conditions in 1 operation gestalt of 
this invention. 

[ Draw ing 13] (a) - (d) is the production process sectional view of the semiconductor laser in 1 operation gestalt of this 
invention. 

[Drawing 14] (a) It is the configuration sectional view of semiconductor laser where it reaches and (b) compares the 
symmetric property of a ridge. 

[Drawing 15] (a) It is the configuration sectional view of semiconductor laser where it reached and (b) was equipped with 

the monitor layer of the amount of etching into the cladding layer. 

[Drawing 16] the spectrum of plasma luminescence ~ drawing showing a result 

[Description of Notations] 

101 ECR Source 

102 Reaction Chamber 

103 Coil 

104 Grid 

105 Sample 

702 Sample Maintenance Base 

703 Nozzle 

704 Etchant Tank 

705 Reaction Chamber 

902 Source of Radical Beam 

903 Source of Ion Beam 

904 ECR Source 

903 1 Drawer Electrode 

1001 N-InP Substrate 

1002 n-InP 

1003 N-InGaAsP Cladding Layer 
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i004'Bamer'Layer 

1005 P-InGaAsP Cladding Layer 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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fc, *©ISftf3, 06t^*ti*. 12 6^ is, £5 
I-. A/W£ft#fc<b^££j*#<OM*7:/Xiti:;h., ft 
Kttxyr^KHtfjQiafct, C©ft£, JoftftE 

l**S650V. rtff I*ft2. SmTorr© 

[0 0 4 8] E2~6<0«fc<Z>*;K*;h.<&X^>7£ 

[0 0 4 9] 
[ft2] 





(SCCM) 


3* 

(SCCM) 


SSftit 


ro- 


m 


(t) 




10 


35 


0.29 


sso 


2.5 


200 


33 


10 


7 


1.43 


650 


2.5 


200 


B4 


10 


3.5 


2.8 


650 


2.5 


200 


35 


10 ! 


3.5 


18 


650 


2.5 


100 


15 


11.5 


3.5 


3.29 


650 


2.5 


150 | 



[0050] *S£ft*/Sft3ltft©Ji;&<» 1 . 0 tl±Tf 

ft/s*ssft©ss*it<Dftftft!;i\ m. o~e. 4<o 

[0 0 5 1 J m 1 6 tt, ^?X-7H3t©^Jt«*f * 

c i*. sftftftf=tt'4-*a*<rsf->. « 
»j:i;«ft75*^oaeftft**r. eh 

ft-f * >l*450. arwk &ft 5 V ii /U*727, 9nm7*«»ft3lti< 
ftft£*lfe. «sg#X©*©ft£©652.9nnf??©ftjfc 
It. ft^X-fty. SJR-rfr^ir^SS&jfcTIliS^,, 

[oos2] m.m4*>o)9e%&mt, s*©sia*i= 

ItftttftftKftjDt*. ftft-fd->l=«fc4565teftft 

«*l23«1?ft*:fi£$*r. C©ft*ftl±, SftftftSU©* 
•&eo&i.4eT?&S. SftSsflnftj£©iS;tlD{::$E 
i>X. ft»-f*>lc**»ftft«tt, '>LSE'J>U Sft 
ftftfc©*ft®»i.3ft©ftTjftln*-*. fil55^ 
t=J:€.S*§lgtt, Sft©SfcC=*-3T. ttlO%»2lD-r 

c©ss-ete?pu. £&i=Sft£;SjtaLT&ftan 

[0 0 5 3] JtSB3§3t3ia©^1b$. 

yfttttttftuTftft-r*. 

[O 0 S 4] *S*SKft/S*5iS*A<1 H 
1 6T?©S^ftje*t50%*«S.5ffi« t?35 



T, ttft-fsJ->ftfttttti.3«tt±j=«:oT^**<. ft 
ft-fji-r/Stftttttaftrcfc-sTi**. o*y. sa*lfcg' 
fKars/UUsy. inftfttMttfpttibtt«>?&. ssaE 

©ftLM>ftft;fe4<Sttni=;i/<y * S*V4 CtWn 

[0 0 5 5] ttftftft/ftftftftft«ttlJELk6.4iirF®ft 
£l±, El •©Bftftft«(ftl3«iLfc»8MttT«»ftft 

(®ia<2» cussts. cameo, s*^^^©^ 

ftf*. **ift£ftftL , Cfc61\ lnftfc1&|&tfPftfc«a 
©KV*&aftft©ftft*tj:;h., Tftftxyfi^ft* 

[0 0 S 6] ftftSSft/SftS5ftA<6. 4*8*$ft£ 

tears. fs«<3>©*£. ntfivt^iiwit. 

Zhlt. ftft Lfe Inftftfe&tfPftlbfeCOftft »X/< 9 
* ft ft * 9 ft fsftx * A»*-l= * V ft = * Pftfc 
ft©ftftftftft»#ftc:** 6 
[0 0 5 7] HLtft'<fcJ:9fc/*ftftteai.vc. 

#x«siirt-*ftftifc ft*-ra-:/©ftrtfcttftT*£ 

l+T?*<. Sft-ir^-Vi«:(cj:4X/<^^ftftl=J:o 
t, iii»*-5lM*vft©ft<b»©ft»«ftftf*fcC% 

f=**ft«WM*fc*. Cfttt, ll-¥l])Mb*fc¥*<*l= 
**ftSftftLfc**l=*, S»-eft«. 
[0 0 5 8] fiLL©Rft'Ctt* xy^>^f*«*4i: L 
T, 1 1 1 — V ft fcn ft4*ftft© I nPtHl^tf. ttTf 
SHS8TS*5l-, I nP©ft*>yic» A I Qa I nP 
ft. A I Ga I nNft, £fc, I l-Vlftfb#ft^ft«C© 



- S _ ■■• M. , 
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[0059] <£2<7>£Sj&flS) WTIw, *^|z«fc$ 
K9-f iv?>7*i*<Dgi2<D£a»®i:LT, III- 
vlWb*»*Ji(|:C»r« K9-f x»**y»i**IM! 
r*. ±yft»Ml=tt, ettt£tt0aA«±JlS*«c 

[0 0 6 0] lyf^afiiLr I n P#tMfc*6tu 
*SffiiBfi8ro**tt. ii-viAfc**mM*«>xv* 
[006 1] ±ESl<0*Jj|»JI8T?a'<fcJ:?l=, sra 

BAi±**-tt«**. K5-fiv^>y(=teit«<b^! 

£*fifc#*<x/<v*J«#J:y«$j::fcy* vX^OTffl 

aa**jiMifc yr*. 

[0 0 6 3] ECR35X-SE^-f ■yjyK'C 

EORSi-e»4r*5i?*jn*, Jca**i£ 

$>*a.*»&»wr**x*jmf-i*, **y**i\ c 

KAS«<0i£g*±gt&<i:tr. IS 
M i <* t •fBt:*-C±A * |3)$$£!»«A<$ 6 

xv*>yu-h*B±r*. 

(0064] 18^ ECR-RlBE8IJSfflU 

A*A**»n.sscciU 2AS£ft£&3. ssccm. t-< 

?Oj|fc/<9-£$<j200W, F<9ff$$t|2.5«Torr% J!nA«EE£ 

fci8£0 I n P<&KE««-*% 
[0 0 6 5] MWfcKMLT. klLtl^ 

tti\ R*ii. Ai*ftALfcK*A#AAi::*»S*i 

tmmsti* ccosj^s^^fcsp^roastt. xal# 

oBBAAaa (B2 6 01C) Mfii^fcft. eatto* 
ft^tejt-rsfcftiztt. x??:/?B£«BBaAa£ 
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[0066] ±S3A 1 0 AAAtt7*At*: * 5 X -/ 
^>7»rB©HStttt, x^>$***X/<«;/$iA#i<b 

[0067] B 8 5 l=, *$gffi»SSl~<fc3 

l=aALTx**>#*ffofc*a. -Tttt?%s H6© 

BA&ACKBBAt**-, -3*y. awitricx**- 

6lc*$n*e*i:^CT'fc4. fctsU H8<Oii^fl5 
iVf^U-htt. BB 6 0 A£<&-t*i«fc y 25%Bl\ 
[0 0 6 8] K#4SSl±SS# 

©Art;B£<J!>AA0>A***<*-<&cfc*>-c#*. c«> 

tfff K ? -f X v f- >?£fT 5 C k XV £ «. 

[0069] i^3(a%m^m k^-c x 

K9<xt»*^^»*K«r*. AA4UTI nP, 
I9f>^*fc UTS i 02, l7f>^H 

[0070] ECR-R I BgBB£Ak\ £?\ Si 

?|=feivci*.' MEtA 1 uTorrfilT. *oa8E£A300 

«a±y <■*•*. «*ssa/sa5it 

ft lift 1 au, K*aAl*Ai 0 0icicSS*;h.*. c 

<o*£, <b^sjca»*yx/<y*a»(s**x<j;*> , 
^4<*ai=*y* 8taaai=»ur*a«*BtaH-* 
aa»K9'Txv^>^a«K Bra©»*i=at^»« 

[0 07 1] ±SBai<©h*9-f , Xv^>^t3:» «1000A 
/»ia±.tJtKMSOx^^>yL/-h*#-r*. A3 
•C-x«y^v^$fr3a^, i7fV^4*.fc«l*fcl* 

x«y^>^ai=fcor, »xt»a**i4aa4«±i:fc 
y» i7f> ya^js^fc y f -5c ctif*. ecri-c 

C^bX-fcS, *fs» /\P^>fta«)aA4«lllA 
(*fcl*nA) fcv* (*fcl±Vl») T?S4-Sf=«>. x 

or, x»*>yai=Ait*ina (*fci*nA) 5t* 
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4. 

[0 0 7 2] jgl<DK7-fx v ?>?K5l£« 
2. ^©K^-fx-^vySfr?. C<DjS2<DK5<< 
i-y^VfSff5§Wi:LT:i±, $1 0 K^-f x>**> 

* i=* y£c fcsnxs£fc»*fcojs5&*-f * c t -e 

X"5>*>yi*. »*3Efi/S*3iEa£«j3iai±, *E£K) 
2raTorrJai±, imS«E$>5300VeiT, 2 0 

0;cie§£SL-Cfr5. CCO«^, *'**HWffi£tfii} 
A, Y*>S£*y7S?rt/u$s<J!>i55/i<*#<fc.&. 

[0 0 7 3] ±sEO>*5'S<t^S«t4<)3Slt^T-e(D 
<<kMiti&SSitthZ±tf-QZl>> *1 CD K?-fX* 

x y >y iz * y » sttifca £ «fc y 

[0 0 7 4] SSKDKv-fxy ttXSEfi/g 
*55*tt2K rttttt^lniTorr. J]DjI«ES<l2:3O0V(D& 

S3S3ftft$*lS3. WE#)£0. 5mTorr\ Jfl3«Ett£600V 

y a* U^. 

[0 0 7 5] 92 0\:i<(X.v + *Vtt* ffi|gaft/S 
3fc33*&2:3, rtff8j£2mTorr. ftn£1KEEtt£3O0Vaft 

g$3Sft«aiO. «Et&S3mTon\ WEftSioovO) 

[0 0 7 6] a 1 214, *9?»}&aS^J:5 K?-<X7f 
>^(OIg$*-r»f®01?*5. *1\ H1 2 (a) \Z 
*$tt^4 7t. I n Pfi«1 20 1J:I:U 
9***,fcS i O 2 1 2 0 2 *0>SL 

1 203*<ly^i/^*BI=^i:4. H1 2 

(c) Csjs**!* »2©K7'fl7f>m 

* A** Sg2©K7-fx*/7>y£fr5C 
ilCJoX. *0X(=aS*ti«.a«J8l 2 0 3jWS*S* 
*U VX<?-\ 2 0 2Jc&LTgi5£OTi. ?ftftxy? 

[0077] fcfc. tt.t<D8wn?i*. oa. ffifiifcatf 
&to>Xfr&%z%ztc. crofts y. aQj£«E<&*£ 



SXftl: /e«35aj9£3. «EttS2mTorr, 

$"T?i4Jra3S£$gi900v, S2aF?<rx?*:/?-gi* 
jtoj£iiE£f&ioovi=!S£TS, coj: 3 

X-#5. 

[O0 7 8] (SM<a£ifc5*JS) KITI=, *&mi=£* 

x^^>^j$oa4©ssteBSii:L-c. ni-vaub 
^«a^i»w^t-sxv^>^*a«iftw-r-5. *ym 

«. fct**4:LX I nP, ivf^TX?tl.tS i O 
2 £, iy LTig*±:SS£ffll^» ^x 

&MMb*«l**Sltt. 
[0 0 7 91 ECR-RI BEgS£El\ Si 

X**>4fl=fcH"C, £*3*;*/gat3iE*£#l£i, WE 
S8l2niTorTW±, tt&BE$i!l300V£Lt, 

larcsLtfcr*. airoi7f^ii. jiE^t-rt 

ffijfcMM. 5SCCN. Stftig££<tt15<nc. ja3«E^65 
OV, ftE*<82.5niTorri:*&£ < , Z©<fc^ft*#X'. 8**4 
$-BTS<0»ttl=lPXl?tS<, S1 OX7f^-C«it 
$}mx3tjg|gS££A/*:JII4. JUTfC3ft!8*~'&«2 0x 
•y^>^!c<i:yfft£*ii5. 

[0 0 8 0] E)7». a2<DX>v^>yi=^^6*lS^. 

e>x-j/*>?gK<&»j*«8scwfcjs-r. a 2 ox v 

5©«-CfTt>^<6. xEK7'TXy5 l l/^*tLfcK*47 

o 1 (*. vmmHn o 2±i=aa$^*. 

7 0 214, St^7 0 1 £S£^*-y$-C#l#U FJrfifl!) 

K<b***«)S*ai*, /X;u7 o 3*vc,titr. s4»7 
0 1±lzSiE^55%«, yX;U7 0 3tSst»«l#^7 0 2 
©«<0i4~aLX«y. yX;u7 0 3(4»»«^7 o 

Ctl-*y. «»X*9-&'>xy hxv^>WfW>*i 

4. caur. «i ©x>y^>yi?^i:f=ioxi=as$ 

S£Jtl43 : 36 : 1, ig^iScOjggliaO^a^l^^L^. 
[008 1] 1)17 hx.yJ-Xfl&X/iv 
l>© -c . -f x v y £ ffl t> * c t \Z * -3 T4 * 
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CO 0 8 23 ^SJS»a8lCfc(,>-C, «2<DX?/f 1 >^|= 
<fcflH-**ft£L-C, SB. IW. fc<fctfiABte7fcSS* 

I*. »1»X5»^>ypJ:y4Cte3»ll=IMB#H»* 
[0083] (&5 0K1KBII) UTI=<> ECRS0I3 

[0 0 8 4] 139 ft. JfcSJfcJBSsiEKT-fxyf^yS 
ffi<D«fiS£«3tWl;:^1\ ECR5190 
4. £SE^9 0 1 (0I5^J=. ?*;A*H-AI902. 
fc*tfl , *>fc5-A259 0 3$«5;iTl,v5, 7 9ftA»t! 
— A3g9 0 2fe,fc^-f^>e-A3a9 0 3l*. K(5^9 

[0 0 8 5] fifc£9 0 1 ana 0 6 £MW 

3g9 0 2-C^JS$*lfc«*7i>*Jk -f^>t"-AS9 
0 3X'^Bfc**lfctt*'f ;J->Xtf ECRST9 0 4T-£j« 

9 0 6l=fl9lt*4lS. 3**49 0 6 IS. ia*9 0 6$££ 
^9 0 1 Cl.MvSfcAfcn — h*Dy7S9 O OA^. £ 
JSS9 0 1 l=St>ih.$, SJ6S9 0 1 li. &ft3R (07* 
H-f) l=«fey«1(r6TorrJaiTI=»»$*v^, 
[0 0 8 6] 9i?*;Ut*-i*3S9 0 2T?tt, tS*tf* 

<fc 7 -c. m*'(*>ti&$i ! 7i;i3 t&m* 

- hJt>Vtb$frt>* 7 i/^H<ifii9 0 2*fcl*El5£9 0 
[0087] -<^>e-A3|9 0 3Xt. &fMi 

y, **ve-A3igo3^&ii#ia*4isgjiH5t-> 

<k8$7v*;u(oa£££*.*;:£|::^T. ttB-f*- 
>*«* 7 i>*;i<*y*<9l*tau »»SB5l=BBI*-f 

*. 

[0088] ECR2I9 0 4T?I4. $ 1 O&mm&Vft 

**t-5. ^SJS^ffll-fcUT. a^**X^ECR359 o 

[0 0 8 9] ±&<?>&i\z<(*>m> ?3?ftjWS&tfE 
CRS!5Siix4Ci:r=J:y. saics-^ysffxcx ¥ 



v^>^Bifi6T?*4. x-y*>7*U-K BrffiJBStK. 
xy*>?B^¥»te£fSfl»L-e-f<fcS. S i 02* 

(DK? -fx SglWlSffi^JS-CiS^cJ: 
[0 0 9 0] *ZT-. £3R-f:f>SIEfi£ffi5R7i;7^55 

ss<-rsf=tf>i=i*. i4»ss««nso o c»±«cssr*v 

[0091] *£ffi»/BK*<5i:. 7v*>Hf-AS^ 

&ro4*7*;?afl'SK*jWfti sccmjjU:, w^t'-A® 

^ & W^ift-< 5f VSfefl: A«**J 1 OSCCMUl±. «J2ttE#ft 
3 0 OVfeLh. E C R3S4> &<&SJSS-< Sf-^tftt 3 SCCMPi 
"FT*. ffi$#OlnP<0 K 7 << I7f> 

m. «*-f*>3S4*<$^iosccM. san'a-vajjnjSWff 

^^600VJU±. ECRK<Z>£*3Efti<tt3$CCIl t**4£ 

[0092] meommmm utiz* jlesm ~s 

Lt. hgfc&u— y=£#l*«. B11 o (a) - 

[0 0 9 3] uCX^V hSSftL/— y 5 !*. Ell O 
(a) U-1fSf1 0 1 Ot. 

b^xwskU (ftiaai) 1011 t^r«, u-* 
«ioioi*. -^♦atws^^r'Sx t-v-iyi&Vi 
mtz, h-y-'rxsaasi 0111*, «4<aj4? 

4*1 0 1 2fclSifro-i:. T-/<ttfc<i4<'>*<*7-CO 

-6. if^i*. h-y-i'X^aitti 0 1 1 

■r^Hlc. u— tftti o 1 oicfeltiXTKy KSA^6.. 

h-y-f xsaan 0 1 1 (otustss c*3ssn 0 1 
1 ©5feSs) i o 1 2(DSmi=2»$*ts. mjtfaii 0 1 

2tt, «®m*<iH5l umVAT »0. 6^ 

[009 4] E10 (b) (4. 010(a) (DJ8A— A' 
l=;eofc»rffi$.*r. 010 (b) 
n-lnP£« 10 0 1 ±izm%~ n-lnP» 1 0 0 2. n-lnGa 
AsPf 003. JS14JH1 004. ir-lnfiaAsP^ 

7 fc.fctfp-lnP^-v-yT'Jil 007i< 

xhT^+i/-v;UfiE«**iTL%4. CiH6ro«l4^1f^ h 
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0 1 4l*¥tft«1£l nP1 0 0 6i:j;otS 
ASi^tvT^*. p-InPdF-W^Hl 0 0 7±IZ. pflj 
*«1 0 0 9*TO$ttTfcy. 36tSl 00 1(7550© 

[0 0 9 5) pfl3W«1 0 0 94^JSA5*LfciEfl.l*, n 
Mfcl 0 0 8A^aA$^lfc1tt^i:JSttJll 0 0 4T? 

sears, swtttpflwai oogcDT-eiscy. * 

[0 0 9 6] 01 0 (c) I*. Ell 0 (a) 0«B-B- 

Ksa-Dfcwii^-r. hi o <b> taio (c) £tt 
*iUT:^-6J:ai=, o i ot^y k«m 

XfcftflM 0 1 1 fcTJtt. SftJll 0 0 4©ffiA<Jtfc 
«<, -P* y, X/Kt/ h+H'Xfc&ffi 1011 ©JStt/B 1 
0 0 4©«©^a<, /hi<*-5to$, 

[00 9 7] JJITIC El 1 (a) ~ (s) t#HL0E 

ssigai/— Ei i 
(a) ~ (g) u— tfsei o 1 0OT»ris©«SB-e 

fcS. X* h-9-YX3Sft»1 01114, Sttfl©H3? 
f£!1~C% U-ifSBl 0 1 0i:(a^tcJ|jS$^ 

[0098] Si 1 (a) 9Ei. * 

JtftJMMBAXB (MOVPEj*) lw«fc-3T, n-lnP» 
&1 1 0 1 JitC, n-lnPJi1 10 2, n-inGaAsP^? V K 
1110 3. SttJBi 1 0 4, p-inGaAaP*?? K01 1 
0 5 111 (b) |CjR*jK 
*J:3I=, p-lnGaAsP*vy K*1 1 j?rS© 
^ttS^TSS I 0 2 ^*£ 1 1 0 6£»«T-6. 

[00 9 9] S1 1 (c) fS5s$^S«k^|=, ± 

tvv9z.my) 1 io9t»«t4, i7f>y 

J&200W, WEttauTorrSLh, ttftaJ£*M60*CiSU:. 7J0 

fijB5i:S«i i i o 1 os® t «rfAft e 
tt, 01 1 Cc) fc*t; (g) J= 3** ft* J: a IS, fteo 
• fcl±90* J61T-C**. 011 <d) lZ7F*hi> 

JoK, MOVPE^iot. S i 0 2 ?X^ 1 1 0 

tXh^-f^l 1 0 9S^$6«ttlnP1 1 Q7i:i«a 
t\ S i 027X9 1 1 OeJfeSLfcft, 01 1 
(a) I=*$*VSJ:5I=, MOVPEiStfo-lnGaAaP* 
t?^ii 1 O 8 -6, ftftlc, 011 (f) |- 

w4*u4Js3ls, pflftt&i i i 1 £n<M«®i 110$ 

[0 10 0] «xifte;iLfc«fc-5lz, *&BJH~«fc*t, E 
CR-R I BE&BT-, «0/fXta»#^€ffl^n 

•yf-i'^^ftociicjrox. 01 1 (g) izmr*? 



[o i o 1 ] <tjs, ±E3WJui*. SfciSSi! i 0 n ©US 
It, U— <faUl 01 0O«*y^-/<ttl=*<ft^T^ 
U— tf01 0 1 0041*9?— fcoT 

[0 10 2] J5i±<7)SJ£^)B(=tet\T, ECR-R I B 

[oio3] &±<d£J*»I8t;, 

LT, I nPtjgHTWSLfe*. fl&©lll-Vffi*fcl±l 
■Ctt, «*#**«l*fc*«. JUS, *fcB3^0 

# x £e ix-c * i\. 

[0 1 04] («7C0HJfe»IS) lilTlC 01 3 (a) 
~ (d) £#S8Lfc*<&, -tGfcl ~5©g&»8ST:-Si 

<r*#l*ft*»*»»l*, 7^5 -OA (A I) *** 

[0 10 5] B1 3 (a) !=*£*l£J:9K:. M 

OVPE^|C<ty. niQa AaS«1 3 0 1 Jtfc, 
ngQaAs/^77i (*0jjO , nSAIxQayl 
m- x - y P (0<xS1, Ogy^l, BIT, A I Sa 

I n P ktfcftt S) <I79 h*Jil 3 0 2, A I G a 1 
nP»g»*Ga I nP#pHi:l=J:oTfltJi£*iK40 
SftT-#FSte*1 3 0 3, pSA I G a I n PS1 O 
?7>y KJBi 3 0 4, Qa i nPi7f>Wh7^S 

1 3 0 5 (J5£ : 5 nrngt) , plA I G a I n 
20^7?KS1 3 0 6£ie?*^M*t4. 
GaAs$&130m. (1 OO) 0^&[1 1 0]* 
ffl'M 0S8gtt^LX^S^"73lffiX'&S. 

[oi06]*i=. y ->y*»«-r«f=torz, d §ai 

Ga I n P§1 30 6±IZ, SftfefSlfc 4 

tfm, «L$eO. 5^m©S i Oz^t^tf 1 30 7 SJB 

[0 1 07] 01 3 (b) l=^$*l*J:3l=, ± 

S i 02V^.^1 30 7$l^f^^7X^iLT, 'J 
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